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Figwre 2a. Arvival Fvents

stopping the Recorder in that event

A very notable accomplishment was achieved by the
Developruent Team within justiwo days after the October 1Thh
anomaly. They devised a scheme for obtaining hages by
baticring hem through the central computer without using the
Tape Recorder, While this method is not anywheie near as
cllective as using the Recorder, it s inftely better than no
inages atall and it was acpriceless salvation when we thoupln
the Recorder was ioken. 1owas so renrmkably good that the
Orbital Phase 2 software developiment wis suspended Tor one
monthtocomplete the prelimmay designevenafter iuppeared
that the Recorder could be recovered. This capability
development is continning on o best efforis basis just in cose
the Recorder does Tail during the orbital tour,

Thie decision o climinate the imaging and other bigh
tate 1ecording operations tequited @ complete re-work ol the
spacecrdt approach aund wiival concurrent seguences. The
tigorously bulletproofed and tested Relay/Z10T critical segueney
reguired only one-for-one replacement of five commmnands to
acconnnodate the o toras recording which i turn requined
several realtime ground commands for complete laull
protection.

The peeatly veduced concurent anival sequenee
cuabled the eapansion of the Probe dati storage into the then
vnused sequencing meioty so that the Probe symbols storage
could be extended single-striing 1o 73 minotes.

Fiinination of the imaging also climinated the optical
navigation on Jupiter approach. The combination of supeib
DSN doppler vacking and an inpenions Navigation "Fewn
stratepy enabled the successive canecllation of the thiee
approach Trajectory Conrection Mancuvers (FCMs), the Onbit
Inserlion delta- Voupdate connnanding, and then anessentiolly
petlect JOE pedformance enabled canceling the two post-JO)
ObiC i Mancuvers (OTMs). The stategy, which ultinately
advanced the fust in otbit satellite encounter (Ganymede- 1)
by one week, was developed to minimize the size of the
OTMs itsieely did, Galiteo went badlistic Trom 301 cutolt to
Apojove, The changes tothe approach events e illustrated in
Figaie 1.

The Oibiter performed the lo oros recording, the
Relay Link, and the JOI {lawlessly, The stin scanner became
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radtation saturated as anticipated, but there was no other
rachationdisturbance s Galileo passed throveh by fn the most
intense radiation itever will. Unlike Voyaeer, there were no
POR's. Clearly, Galileo’s designers did an exccllent job iu
making itradiation hard.

Figures Zaand 2bare exacty (handwritien entries) as
shoven at the Press Conference within an hour alter onbig
iseriton at 7 pane PST on December 7th Towas a tinie of the
greatest jubtlation. Pyerything had worked beautitully. The
Radio Reccivers on the Orbiter were inlock on the Probe
stgnand at both checkpoims!, the A00N wein cngine burn was
tenminasted by the accelerometers and the direet carthe based
doppler ttacking indicated only o 0150 delta Voerror, and all
spavecratt telemetry indicated nominal statos,

Several doys immcdiotely after wirival were
particularly busy wnd critical s indicated on Figme 3.
Propulsion pressures had o be verified before sending avea”
for spindown and there wis considerable vrgency in the fost
retonn of Probe data belore Galileo s radio sienal got too close
to the sun for reliable welemety reception. Screndipitonsly,
climnation ol the fistorbittiim mancuver allowed thercasdom
of the augimented Probe symbol data storoge (from 39 1o 73
minates alter relay stor) a day belore the prime datae This
advaneed by several days the determination that the Probe
tansmmitted for 57.6 minutes and the depth ol penctration
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Figure 3. Post Jupiter Orhit lusertion Sequence of
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Figure 4. Galileo Timeline of Fyenis (Jan 960 - Sept 96)

Fipure 4 shows the major activities following arival,
‘The Probe Symibol storage was readout twice more for besting
two out of thiee, Flight software (BESW) patches and Tape
Recorder conditioning were added tnorder to safely playback
therecorded Probe data, which was still the primary Probe dota
souee,

The Penjove Rase Mancuver (PIR) was peilormed
on March 14th raising perjove the lowest point of the orbit
(0 715,000 ki above Jupiter to withstand the vadiation for the
upcotning cleven parijove passes during the arbital tou (st
pagove at Relay/10T was only 215,000 ki), This was the
third amd Hual burn of the 400N main engine. The 378 m/see
mancover over hall the size of the JOL just about doubled
Galleo’s otbital speed ot its then farihest point from Jupiter
(apojove) snd used two thitds of the propellant that remained
onbomd alter JOIT Since the Oibiter Deflection Mancuover
(ODN) in July 95, theie existed coneern that the helivm
pressutant chieckvalve on the Oxidizer side of the propellant
systenay be leaking, At the end of PIR, the helinm supply
was inmediately antonomouslty isolated to M trap” the Oxidizer
pressue below the Yuel presswe to eliminate the thineat of
Oxidizer vapor migrating to the Fuel side. Unfortunately, the
Fuel checkvalve apparently malfunctioned during PIR so the
Ox pressure was higher than the Fuel pressure and the thireat of
nigration remained. A painstaking review of the situation
established that the potentiad quantities of diffused propellants
in the respective pressurant lines given the recent helium

a4

tnfusion at PIR were far too small to produce any haunful
reaction i mingling did occum. Accordingly, the desired
clectiical power margin and consequent propellant heating
(power margin is shunted 1o propellant tank heaters) was
conmmanded as needed for the orbital tow, The mission will be
completed with the propellant feed in blowdown maode.,

Over the past three yeats o paallel with prepating,
for the precise delivery of the Probe and Orbiter to Jupiter, orbit
mseron, and the captare and retarn o canth of the Probe data,
and performing the second-ever spacecraft encounter of an
asteroid and Comet Shoenaker-Tevy 9 Jupiter impact
observations the Project developed extensive new soltware
for the main spacecralt computers and most of the science
insttaments. Aud, after the tape recorder problems lust October,
more softwinre was added 1o the new flight package so the
cential computer could make the recorder behave,

T May, the centeal computes (CDS) was completely
reloaded by 1adiomyg every bit Jiterally every one and zero of
the new flight software packape to Galileo. "This softwae
cnabled the Orbital Mission, Tt was traly o complete brain
transplantover ad00 milhonmileradio ink. The new softwiae
wits alsotadiocd toGalileo science insttanents and the atttude
control computer,

The new CDS capabilitics and major DSN
enhimcements were fust used in June to return virtaally all of
the ficlds and particles data that Galileo recorded while flying
throngh the To torus onandval day December 7th, Phese data
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Figure Sa. Orvbital Towr of the Jupiter Systen

are prod ue ing impressive findings. The alicady announe ed
cvidence of To’s iron core and magnetic ficld were obtained
carlier from readouts of the Magnetometer itself and the
Doppler divta

Ganymiede- I, the first satetite encounter of Galileo’s
long- awaited Jupiter System orbital tour was a grand success
in many respects it was suceessiul way beyond expectations!
Galileo found evidence of a Ganymede wmagnetosphere, hints
of an atmosphere, and Ganymede swilace featutes that we
absolutely mind-boggeling. Traly stunning images of Jupiter,
Paropa, and To were also captured. Aheady we have a vieat
bounty of science data to apply to out thice co-cqual Galileo
scicnce objectives the Jupiter atmosphete, magnetosphere,
and sutellites. These data will provide powerful insights into
the Jupiter system as they are analyzed worldwide over the
coming years, Thespacecraftitself including the tape recorden
performed perfectly throughout the entite encounter and
continuesto be flawless in the ongoing datateturn, Navigation
was as spectacular as ever and used the brand-new, 1eal-tiine,
optical navipation image 1cturn at over 200 10 1 data
compression. Altitude crror was only 9 k!

The Ganymede- I encounter marked two absolutely
momcentous milestones for Galileo both a beginning and a

completion. The science data ks the joyous beginning off

the preat bounty of scicnee we will continuously teap from the
Gualileo Orbiter over the next year and a half. The suceessiul
cncounter also marks ajoyous completion therecovery of the
Galileo Osbiter Mission without its High Gain Antenna!l

We did have some problems at the Ganymede
cncounter. The Energetic Patticles Detecton (EPD) instiainent
shutitsell off before the encounter. Ithas now beendetermined
that there is a flaw in the EPD internal fault detection logic,
Waorkurounds are being used to operate EPD until a permancnt
patchis installed.

The New Infrared Mapping Specttometer (NIMS)
became anoualous o day after Ganynede closest approach.
Aller finding nothing tundamentally wrong with the instrament,
S ESW wasicloaded and st ted. NIMS has operated properly
since. Wehave taken some precautions for NIMS at Ganymede-
2 i the event NIMS has attansient problem assoctated with the
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uci-Jupiter envirormnent.

Wellbefore the encounter, continuing testbed testing
of the new FSW found o problem with the CDS handling of
NIMS ditta playback from the tape recorder. Consequently, all
the other data was played back first while this problem was
diagnosed and a softwawe pateh developed. The pateh was
instulled in July and the NIMS data was played back with a
sccond pass through the tape recorder in August.

The Projectisonamarathonnow. By design, onJune
27th, Ganymede’s gravity reduced Galileo’s orbital period
fronseven months down to just two months, There are nine
more satellite encounters in the next sisteen months thice
cachrwith Ganymede, Callisto, and Fuwopa! “The finalization
of the detailed spacecraft encounter sequences and playback
sequencesand freguentupdates of the onbowrd playback tables
isacontinnous process oradust Tn-Time schiedule tominiimize
costand Maxinize 1eSponsiveness.

With its new brain, insttament, and attitude contiol
computer software, and very major enhancements by the Deep
Space Network (DSN) to reecive signals ten thousand times
weaker thanoriginally planned, the Galileo Orbital Mission is
off to a great stanl.

The cunent position of the Galileo Oibiter is shown
in Jupiter-centered and Sun-centered space in Figores Sa and
Shorespectively. The second Ganymede encountes in Septeinbet
was also highly successfoland it is described at the end of this
papet. Fhat encounter sequence began on September 1, five
days belore closest approach to Ganymede on September 6.
The suecess of the encounter wasespecially gratifying, because
o August 24th, a timiug overran in the contral computer
resultedinthe CDS A-string poing down and spacectaltsafing.
The Project team recovered full CHS operation and onbozud
science processing in five days of stunuing all-out effort in
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order to perform the encounter.
2.Re-work Of Appiroach Science

+ 1 he concurrent approach sequences had been
developed o take full advantage of the rich scicnee obser ving
opportunitics during the last few days and hours on approach
o Jupiter. Opportunitics included a 32,000 kmnearly south
polar passage of Europa, a near-equatortal 1000 k i pass by lo,
avery care fully crafted passthroughthelotorus, observations
of the Probe entry siie, and distant A nal thea and Advastea .
Spaceonthetaperecordanwas atapremivm and the observations
were integrated to take maxitmum adva ntage of this unique
opportunity. Muchof therecording requitedhighrecordiates,
up to 806 kbps, nccessary to accon inodate imnaging and
multiple instroment recordings. However, all through the
design ol this seque nee, it was recognized that the recording
andreturn of the Probe data was the highest scientific priority,
and nothing, was to compromise this.

Shortly alter the Recorder (DMS) anomaly, while
there was still very little understanding of how the DMS would
perform, how it ight be safely operated, o even what was
wrong with il, clearly the only prudent comrse of action was to
use the Recorder only i modes necessary and safe to acquite
the Probe data. The entire science sequence was abandoned
and thenew planwastorecord only the Probe data. athe time
of the anomaly, ¢ 1w tape fortunately was positioned new
beginning -o {-tape, so it was possible to record ontrack 1 with
no positioning of the tape 1equired. Yortuniately, the iccotd
format used forrecording the Probe data was the lowestate
used by the DMS, s kbps. Afte o fuither analysis, it was
determined thataportion of the fields and partictes recording
that had been planned for the To torus passage could also be
sulely accomplished. This recording is done at the satuerate
as the Probe data, and as Jong as the recording was limited to
forwawrd motionontiack g, little if any additional 1isk would be
incutted. The final plan recorded about 3 hes of fields and
particles daty, stasting about 6.5 his before the statof the Probe
telay, then pawsedforabout s.s his, then 8 Tminutes of 1robe
rccording followed immediately by anotherappro xinately 2
lus of fields and padicles tecording. Fipuie 6 shows, ona scale
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Figure 7. Torus Recording
of distance out of the wagnetic equator versus distance from
Jupiter, the path of the Galilco Oibiter superimposed on
contows of constant electron density in the toras, Figuie 7
shows u standard encounter trajectory plot with the totus and
regions of 1ecording indicated.

The entire data acquisition and 1eturn was
accomplished without any problems. The Probe data was
returnedmostly in Febiuary and Maich using the Phase T ESW.
‘The fields and particles data was 1eturned in the first thice
weeks of June using the new Phase 2 softwae (see “Onbital
Elight Software Loading™), cotnpleting just prior to the start of
the fust Ganymede encounter sequence. The toss of the
approachremote sensing data was asignificantdisappointiment,
but the decision to forego ithas been very clearly exonerated,
Based onsubsequent analysis and the results of both flight and
grouond DMS testing and characterization, there is e doubyt
but that the tape would have stuck during high speed recording
in the approach sequence. This would have had a significant
potential for causing penmanent danage to the tape, hidle if any
Orbiter science datawould have been obtained, and norecorded
Probe data would have been colleeted.

3. Relay/JOI Operations and Performance

Following the successful Probe Release and ODM in
July 1995, the focus of the Project riveted on preparations for
the Probe relay data acquisition, Jupiter Orbit Inset tion (JOI1),
and the Orbiter science sequence  that would start in carly
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Figure 9. Star Scanner Radiation

October1995. Figure 8ashows a suinary timeline of the key
activities occurting duting the approach and encouniter.

In Septemnber and carly October, iteration 4 o1 the
Relay/JOU critical engineeting sequence was going through
final testing and validation for a Noveiber 4 uplink to the
spacectaft. The DMS anoraty on October I Liequited another
iteration wlong, with a repeat of the sequence test program and
validation process, Inaddition, all of the approach and encounter
science sequences had to be updated and revalidated to remove
(Ire DMS recording activities except for the F&P low rate
1ccording of the o Torus data. Thie eritical engineeting
seque nee changes were keptas simple as possible to 1emove
the DMS rewind andiccord the Probe datain the safestway for
therecorder. Inaddition, the Probe symbol storage areain CHS
memory was increased 1o allow collection of an additional
33.2 minutes of Probe data (73 minutes total). The Probe
symbol stor age technique was  the backup to the 1 IMS,
Another precaution, i.c., sending backupical-time commands,
was also taken to protect the DMS in the event the background
sequence terminated. AT of these late changes o cated a
stgnificand amount o1 new work that had to be cornpleted in
November to supporl the uplink schedules.

TheRelay/JOI criticalengineering scquence execution
started on Nov ember 1 5 andended onDecember8. Figuies 8a
to 8¢ strew anover view of the activities controlled by the
sequence. Running concuniently with the critical engineering
sequencewerethe science sequences labeled JARY, JOI3A”,
ana JOEB" The sequences executed beautifully with no
radiation induced upsets or spacecralt faults due to the hostile
Jupiter environment. The Relay Radio Antenna (RRA) was
initially positioned in clock angle (m November 28, 1995 in
prepar ation for a gyro diift calibe ation (the conie angle was
positionedinuch catlict o1z August 21, t 995). As pait of the
Relay Readiness Configuration, the RRA was commanded
again to the proper clock position approximately 3 his 33 min
priono the stwtof therelay; this commandiesuliedina ().5”7
conection 1o the pointing.  To protect against cerlain fanlt
cases, the RRA was redundantly commandedin clock a third
time just prior to the relay 1ecording. The fom RRA cone
1epositioningsiequitedio stay pointed al the Probe alf executed
as planned. The DMS 1ecording of the relay data and storing
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Figure 10. Jupiter Fncounter Maneuvers

of probe symbolsin CDS mernory all worked asplanned. The
Probe relay data was captured for 57.6 minutes as the Probe
descended in the Jupiter atmosphere, The 301 following the
Probe relay executed flawlessly; the aceelerometer controlled
shutdown of the 400-N” engine tesulted inonlv a 0.13%
overburn, and burn titne was well within the spec of 4 4%. The
AACS and RPM subsysteins pet formed nominally and happily
none of the additional fault protection that was added to the
spacecraft was called.

TheProbe delivery was well withinthe requircments
as shown in Table 1 The sequ ence ¢ design provided data in
real-time that confinmed that the Probe signal was acquited and
in lock. This confirmation was only at two points in time
during therelay Ji.e., S minutes and 1%/ minutes afte nominal
relay starl. When the Probe Engincering Teamreporled over
the voice netthatthe Probe signal was acquited, everyone was
estatic. The big question of how long the Probe transmission
continued had to wait for the I'lobe symboldatareceipt.

One of the telemetry measurements received during
the encounter was the Star Scanner background radiation level.
‘1 hiswasof greatinterest for genetal spacectaft health and
operation concerns, and also for the ability of the Star Scanner
to stay
reference for pointing the Probe relay antenna in the eventthe
gyros turned off for any reason'. The radiation level rose
shiauply following thelo flyby andreached alevel of 5200 pulse
counts per 1/10sce at closest approach. The Star Scannet lost
Tock (SHQID 1outine)  on Canopus duting the relay o«
approximately 35 minutes. Figure 9 shows the Stan Scanuet
obscrvedradiation counts during the enco unterand shows that
the radiation at encounter went above a RDM of 2 (Radiation
Design Matgin). The Star Scannet hardware was desig ned to
aRDMof 3, but clealy did no thave that capability since it
“lost” the brightest available star.

The telecon ununications performance on the low
gain antenna was an issue of particular concern sinee the
encounter was 12 days prior to solar conjunction where both
maximum 1ange and solar scintillation ¢ffects occur. The
angle between the spacecraft and the Sun was 8.0 deg as
viewed from the Yarth at encounter. The new DSN Block v
receivers were utilized to provide the necded telecom

locked” on Canopus. Canopus was [0 be usedas 1oll
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Contingency

performance for telemetty and radiometiic tracking. Sola
scintillation effects on the tele metry star ted at the end of
Octobes 1995, Aproximately 1.5 daysbefore Jupiter encountel
the downlink signal was changed from fully suppressed caiies
mode (nominalconfigurationforbest petforance) toresidual
cartier mode. In the presence of solarscintillation, thismode
provided continuous data retur o during Relay/JOV and
subsequent fitst Probe data symbol retur n.

Thie longstanding Jupiter approach navigation plan

9

Table 2. Trajectory Estimate History with 1oUncertainties

Data Cutoff Time “1CM TCA*
(days before o) Supported 12/7/95UTC (ki)
Target 17:45:44 1000
-114(01)91) 26 41:554 29 -X(K) 4429
-27 (01)94) 27 45:394 11 1084 4 126
19 (01)95) 28 45:404 12 1080 4145
-6 (01)96) 28A 45:53 42,1 93-/ 436
-3(01)9 -/12) 29 (JOn 45:58 1 0.8 888 4 27
+0,01 (0D 100) 46:004 ().1 892 472
+55(Recon.) 45:57.44 (.0 897.34 0.2

" Time of closest approach

included optical navigation images and 2-way doppler data
types, andmancuvers TCMs 26, 27, °28, and 28A (sce Figure
1 (). Orbitdeterminationknowledgeimproves onapproachto
Jupiter.  TCM 26 was 0.98m/s and cor rected the O )M
exccution enors. Prior to the DMS anornaly on Oct. 11, the
trajectory target had an Jo altitude of’ 1000k, The DMS
anomalyiesultedin al] of the optical navig ationimages being
deleted fromthe plans. The optical data was of patticular vaiue
for contiolling the lo encounter conditions for the remote
sensing obscr vations of 10, Since all of the 1emote scnsing
obser vations were also deleted duc to the DM Sanomaly, the
1000 ke altitude navigation targeting requircinent could be
relaxed.

TCM 2%/ wasscheduled 20 days be fore encounter.
The orbitdetermination solution at 2-/ days out (data cutoft)
had anarnivaltime 5 sec catly and anlo {lyby altitude or 1084
k. Thie ma neuver was waived off since the flyby miss was
wellless than the I-sig mauncertainty, ie., 126 ki in altitode.,

as Galileo approached Jupiter, the trajectory solution
continued to migrate toward 10 and dowrin the B-P lane as
shown in Figute 11 Table 2 shows a history of the 0 1)
solutions and the uncertaintics’. With no optical navigation
images, the B.Rknowledgeis mostaf fected and theuncer tainty
is much higher, ie., 1-sigma optical values of 32 kinexpected.
The 01) solution at19 days outfor TCM 28 had an altitude of
10S () km, with a 145 kin 1 sigiia uncertainty. Again the
mancuver was waived of . At the 6 day out data cutofl for
TCM 28A, the Jo flyby altitude migrated below 1000k and
the time of arrival diifted later by 9 seconds from the target.

Contingency navigation strategics were being
formulated by the Navigation Team and discussed at the TCM
Design Team for cases wheie there was a big post-JOIperiod
crrot.wpatticular, big JOToverburn arid/or asubstantially low
lIo Nlyby would resultin such a low o1 bit period post-JO1 that
the tour would be compromised due to the large propellant
usage neededtocorrect the trajectory. The firstsuch (discussions
occurred on Oct 26,1995, o011 Noveinber 29,1995, the Project
approved this cont ingency strateg y. Figuie 12 Snows the
propellant cost o recovet the nominal tour given a post JOI
period errorinunits of Ganymede period (approximately </
days). Figuie 13 shiows the contingency stratepy costs. Tor the
To altitude low case, the arrival at Gl could be catlier by 7-day
incienments with very little propellant cost. On December 1,
1995, the strategy was accepted and the TCM 28A was waived.
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Figure 14. Probe Descent Profile (P'redicted vs. Actuals in ltalics)

Shortly afier, the JOl tweak was also canceled. The lo altitude
solution diopped as low as 888k, The reconstructed 1o flyby
conditions are shownin “1vable 2.

Approachmancuvers TCMs28and 28A and the J()]
tweak to the onboard maneuver parameters weie ai waived off
withthe contingency strategy to e ncounterlo atalowei altitude
andadvance the G 1 encounter date one week to June 27, 1996.
This st ategy allowed climinating spacecraft activities and
thereby reduced risk and also minimized the use of propellant,
OTMIand 2 were also waived of f beeause of the exeellent J()]
performance, thelo flyby altitude translating into a lower post
-JOI period of approximately one Ganymede period, and the
decision 1o anrive at Glencounter o011 June 27. The next
mancuverrequired after JOI was PIR.

Contingency plans were developed for anomalies on
the spacecr aft and the ground. Potential spacectalt faults weie
identified and classifiedinto categories,i.c., donothing, handle
in1cal-time, and preg ene rate conunand files.  The only
contingency commands pregenciated werefora “criticalmode”
CDS inis 110s¢1 recovery.  CDSbus ic.sets have occuried
numerous times during the mission and resulted in one of the
two CDIS stiings going down?, scc Table3 for a list of the
contingenciesconsidered. Inaddition, Project policies relative
torestarting scicnce sequences were established, as well asthe
latesttime priortorcelay thatanattemptto bringupadown CI)S
string would be made, namely approximately 3 days belore
relay.
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4. Atmospheric Probe Performance and
Science Results Summary

Figure 14 llustiates the predicted entry and descent
events inaltitude- time space with key actuals added initalics.

4.1Pre-Entry

A reconstruction of the Probe sequence of cvents
bascdonthetime of Relay telemetry signalacquisition indicates
that the Probe timer timed out only 15 seconds early after its
155 days count-down, at 16:0)():58 UTC, 6h3m 45s before
entry. The firsttimeout closed therelaystodepassivate the 1.1/
SO, batter ies, conditioning theni for descent operations. After
about 8scconds, the main powentelays closed, applying power
to the main bus which powered on the Probe A-siving Ultra-
Stable Oscillator (USO) and the A-string Data and Command
Processor (1)CP).  The DCP exccuted its pre-sequenced
command s to begin configwation of the pre-entry science
insttuments, the | ightning and Radio emission Detector and
the Energetic Particle Insttmment (I RD/EPD), which shaie
clectionics,

The fust 5 hours of pre-entry operations consisted of
a secries of timcouts where short series of commands were
executed.  Althe conclusion of cach timeout, the DCP coast
timer was reset, the 1)( ’1° was conmmanded 1p itslow power
mode and the timer counted down to the next timeout. The
USO remained powered o11 throughout. Twice the DCP iy



Table 3. Candidate List of Fault Scenarios

o CDOSDESPUNTRANSHENT BUSRESET -

CDS STRING D OWN (STRING RECOVERY
POSSIBLI)

CDSTHARD FAUL .2 (I M, T1IM)- CDS STRING
) OWN (STRING 1 /0 8T)
SYSTEMEPAULT-INDUCED SAVING - OTHI [1<
THANCDS DI SPUNTRANSIENT BUS RESET
CDHS MEMORY FATLURE - CDS STRING
DOWN/EFFLECTUAL 1) OWN

© AACS MEMORY 1al1l JURE

- RRUOSCILLATOR OR RECEIVER FAILURY: “1°0
COMI ON

+ INCORRECTCDS ) ATAMODE

- INCORRECT DMS (TAPE RECORDER)
CONFIGURATION

- MISPOINTED RULAY ANTENNA (STATOR)

+ NOSPACECRAFT CARRIFER MODUILATION
(IrMLU“B” STRING 1) owN OR UVRECQ)
1.OWGROUND-RECEIVED SIGNATL. SI’RANG't'11-
S1.O(ITWTATAULT)

+ OSAD/ASAD 1s NOTENABLED

- LOSSOFSTARD ATA - STAR SCANNER
FAILURL (SEQID)

«  SPINDETECTORFAILURE

- H/PDISABLYE VUL NERABILITIES - RPM /P
UV REC (POWER/THERMAIL)

POWERRELAY SWITCH FAIL.URE

powcredononly 10 commandareconfiguration of the T.R1Y/
1iPLand it was not until the fourth power-on scquence that any
data were collected. Snapshots of LRD/EPT data weire collected
atS.1,4.2, and 3.3 Jupiter radii, cach for about six minutes. The
last timeout occuried Th 4m 57s before entry and continuous
}PIdatawere collected from 2.4 Jupiterradii to the 101101 the
atmospheie.

1 inal prepatations forentr y began 28m 16s before
entry \\’her] the NeutialMass Spectrometer (NMS) pumnp was
turned on to ensute a vacuum in its quadrapole analyzer; B-
string 1)( "17 was poweredon, enabling red undanit Probe
operations; the Atmospheric Stracture In strument (ASI) was
turned o11 and calibrated; and the Nephelometer (N1 6P) was
turned on, calibrated, and then turned  off.

4.2 Entry

At 16mt 38s before entiy, the Probe began storing,
entry mode dataforthe As1, collecting acceleration and heat
shicld data. These data were stored in a recycling m emory
bufter to ensuie collection of the data duting the deceleration
and heating pulses.

Probe entry was definedtobewhen the riove reached
an altitude 450 ki above the | bar pressu re level. A
reconstruction of the Probe event timing based on the know n
time of telemetry lock-up indicates that entry occur red at
2:04:44 UTC. Two mechanical G-switches sensed the Probe
deceleration pulse and the timings between their actuations
and rescts were used to calculate when to star t descent
opetrations.

4.3 Descent
Descentoperations began 2m 4“/s after entry when

the Probe data format changed to descent format and all
insttuments were turned on, The thermal battery was activated
to power the pytotechnic events, which included deployment
of the pilot chute, severance Of the cablesto (tic’ aftcover,
telease Of the aft coverwhich pulled out the main parachute,
severance of the cables tothe forwardheat shield, release of the
forward heat shield, and deployment of the NEP arm. Data
transmission to the Orbiterbegan 26s after the start of descent
operations, and the” signal was acquired by theProbe receivers
on the Orbiter 34s later. 80s afler the start of desce ntoperations,
the datastored during pre-eatry, entry, and carly descent began
10 be interlcaved with the real-(ilnc data. Overthe next 43
minutes, these memory data were read out twice. The Probe
1cached its primary mission goal, the 10 bar pressure level,
35.3minutes after entry and continued to transmit data after the
pr essure had reached more than 23 bar, 61.4 minutes alter
entry.

4A Relay

The Or biter was con figu red for Probe re lay well
before entiy. The Relay Radio Hardware (f f< 1) USOs were
powered on and the relay antenna was positioned for the start
of descent 9 days before entry; the receivers were powered on
16.4hours before entry. Three minutes before predictedentry,
the Orbiter data format was commanded tothelowrate Probe
format and the tape recorder began recording data. At signal
acquisition, the storage of Probe data was begun in the CDS
RAM to back up the tape recorder ‘To allow for real-time
vetification of relay, snapshots of the 1eceiver data were
tansmitted to Farth at E48m and H420m. These snapshots
showed that both receivers had locked up, but little nore was
known for several days. The relay antenna was repositioned
four times during relay to follow the Probe. After 8 1minutes,
the Orbiterdata formatwas changed, receivers were turned off,
relay antenna stowed, and configuration for JOI began.

4.5 Fagincering Performance

The tite of Probe signal acquisition(stored on-board
the Onbiter) was read out the day after entt y and found to be
about a minute later [Iron expected. It was not immediately
known whether (his was duc to a late arrival of the Probe or
whicthe 1 the signal acquisition had been delayed, Withina
week of relay, all the Probe data stored inthe C1')S RAM had
been read out, and although the data were noisy and had
outages due 1o noise fiom super 101 conjunction, the overall
mission success could be verified: pre-entry and entry data
were stored andreturned properly, allinstruments came onand
produced valid data; and the Hink had beenmaintainedfor 57.6
minutes. over the next several months, every Probe data bit
wis verified and all but 3.3 minutes O f the receiver data
(collected mostly forradio science) returned and verified.

4.61 Yeceleration Module

Thie Probe’s deceleration module had two major
functions: to provide thermal control during cruise and coast
and to proteet the descent module during the entry. For both of
these, the deceler ation module perfor mance was excellent.



Temperatures during cruise and coast were mnaintained at the
nominal 0°C level except during, inter vals when the Oibite
was turned for L1IGA anomaly operations.

The performance of the he agshit]d dwing entiy was
primarily determined by the survival of the I’lobe andthe

successful Operation through relay. Datawere collectedduring
the entry, however, by the asy, showing that the deceleration
profilcof theProbe was vet y much as expected, having apeak
deceleration of 228 g’s. Analog Resistance Ablation Detector
(ARAL)) sensors were embedded in the heat shield and were
used by the ASTtean to caleulate the heat shield shape and
mass loss during entry. These sensors showed that the mass
losswere var y close o the predicted value (90 kg) butless
material ablated from the nose of the Probe heal shield, and
morie flomthe side. when compared against expectations®,

4.7 Descent Module

The Probe descent module petformed ver y welt,
collecting and transmitting the first in-situ data from the
atmosphere of an outer planct. There Welt” two performance
ancomali s, both or which had ary impact on the science as
discussed below.

4.7.1 Data and Command

All commands that could be verified wrre venified
{many were redundant) and there weic no indications of any
command anomalies throughout the Probe mission. Data
storage and for matting also was flawless. Both G-switches
aclivated and resetas expect ed, howe ver, it appears they were
cross-wired, the times fotthe one switch being recorded as the
otherand Vice-vmsa. Since the tites of these G-switch
activationswere used by the DCP to calculate the time to start
descentoperations, thisresultedina 33 second delay in the start
of descent. One of the science objectives was to begin descent
operations at a pressure level of 0. 1 bar, ensuring that data
collectionabove the visible ammonia clouds would oceur. The
first descent data, however, were in fact not collected until the
pressure was about .45 bars. Thisimpacted the cloud instruments
andthe wind mcasuiements, which wantedto correlate their
datato the remote sensing Of the cloudtops.

4.7,2 Power

The Probe’s power system, consisting ot 1.1/8Q,
batteries and thermal batteries, performed perfeetly. Bus
voltages weremaintained aboverequired thresholds throughout
themissionandthe mission ended before the batlery voltage
showed any diop-off. The thermal batteries, which poweied
the pyrotechnicevents, operatedas requiredand all pyrotechnic
eve nts fired as expected at the start of descent.

4.7.3 Communications

‘The Probe communications systern pet for mance is
illustiated in Figure 15. The output power of the redunidart
transmitters remained fairly constar it until 51 minutes after
entry when the B-string transmitter output power dropped
suddenly, The A-string communications stiing (lid not strew
a sharp drop ot untit aboutl 1 minutes later, and when its
power dropped, the mission ended. The A-string output powct
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Figure 15. Probe Transmitters Ouiput Power

did show anunusual sig nature over thelast12 minutes of the
mission, slowly dropping and then rising again, One possible
explanation for the unusual signature in A-string powet is that
the transmitter, which wasin a scaled box,experience stiuctural
deformation from the increasing pressure. The sharp powel
drops at the end of ecach strings operations are belicved to be
due to exciter fatlure due to the increasing temperature.

4.7.4 Thermal

The Jovian ati nosphere temperature ranged from
below’ - | 20°C athighaltitudes and low pressutes, lo over
1507 (T atthe end of the mission when the pressures reached
about 24 bars. The Probe descentmodule wasnot sealed: ithad
a chimneyinthe aft endto allow thepressure o equalize wit
the exterior att nosphere. The thet mal protection system was
passive, consisting of thermal blankets and baffling 10 reduce
ait flow, and was desig ned 10 keep th e instruments and
cngineering subsystems between their operating teinperature
limits of -20°C and 4+ 50°C through 48 minutes of descent,

Hlight results showed that the thermal protection
system did not provide sufficient isolation, as alinostall
instruments and subsystems experienced temperatures o utside
of their operating range during the primary mission. Although
the atinosphere lemper atures were very close o expectations,
temperatures of some instruments reached -50°C and were as
highas100°C after 48 minutes. This has caused several of the
instruments to require calibration testing of their sparc
cquipment to understand their data at the flight temperature
profile. Preliminary analysis of the anomaly suggests that the
convection on the Probe was much higher than expected,
probably due to increased air flow thiough the 'lobe thiough
the unsealed acr ofair ings, turbulence, and bufieting, none of
which had been simulated in ground testing.

4.8 RR1I

TheRelayRadio Hardware (1{1{11) onthe Orbiter
consisted of a paraboloid antenna and two receivers. The
recervers acquired the lobe signal well within their required
tinme limit and maintained solid lock on both data strcams with
Only onc exceptionthroughoutrelay untilthe output power of
the Probe transwiittes dropped. The single exception occurred
on B-string at 47 min utes after entry when the data becamne



ver y noisy and could not be processed through 1 the ground
computers for about | second. Thesignal quality recovered
solidly after thisincidentandit doesnot appear that this glitch
w a s caused by the same phenomenon that ended the link
several minutes later, No data were lost asthe A- and B-strings
were fully redundant atthe time.

The antenna was controlled in clock angle by the
(h bitet AACS using gyros for roll stabilization. The cone
angle was st well before relay to the initial angle required for
the. fist32 minutes of relay. Beginning at 32 minutes, the
anlenna clone angle was stepped once every 1() minutes 10
follow the I'lobe. ‘I’here wereno antennaanomalicsthroughout
relay.

4.9 Science Results

The 1 .RD/EPImeasured highenergy charged paiticles
trapped in Jupiter’s magnetic field as the Probe approached
Jupiter. New radiation belts consisting of heliumn and heavia
ions weie discovered that extended 10 within ().4 Jovianradii
of the atimosphere. This was the firsttime a spacecrafthadbeen
this closc to Jupiterand courd measure the radiation levels in
thisregion.®

The entry silt was imagedin the infrared fromEarth
onthe day of encourterwithinan nour of entry. Highet
resolution images of the entry site were unavailable duc to the
tape recor deranomaly on the Orbiter, and solatangle constraints
for 1 lubble Space Telescope. Theimnages showed the entry site
wasatthcedgeof a“hotspol”, an arca where. itis believed there
arc very few clouds and the heat of the planct interior radiates
outward.’

The nephelometer (NEP) data confirmed hat the
cntry site wasrelatively clou(l free. The clou(ls visible from
Eat th, the aimmmonia clouds, are expected to be at a pressure
level of less than 600 mbar. Due to the late initiation of descent
operations, the NIP did not have an oppor tunity to detect the
ammonia cloudlayer. It did detect a very thincloudinarcgion
models indicate might be ammonia hydrosulfide clouds, at a
pressurclevel of 1.5 1y:11. Water clouds were expected at a
pressurclevelof about 5 bar s, but no water ¢l ouds were seen
at all inthe NEP instrum ent *

Consistent with the NEP results, the Nc( Flux
Radiometer (NIR) did notsce e encrgy flux patterns that
wouldindicate thick clouds, andinfact, NER datasuggests that
the water levels were significantly below solar, much lower
than predicted by pre-encounter models. The NFR did not sce
any signatures of the anmumonia hydiosulfide clouds, but did see
solar radiationfluxes associated with the uppermostammonia
clouds that the NEP missed.?

The 1.R1) data is also consistent with a watet fice
region at the entry site. The only mechanismknownto produce
lightning is water clouds, and no local lightning was indicated
by the opticalsensorandthe radio emissions detector sensed
only very distantlightning. Overall, thel. R detected a global
lightning 1ate of aboutonetenth of Harth, butthe encirgy ineach
twit was aboutten times that of typical Earth lightning bolt.'?

The AS1 dataincluded the deceleration and heat
shicld datataken during entry which was used to calculated the

upper atmosphere strocture. Data indicate that the uppet

atiosphereis much denser thanpre-Galilcomodelspredicted.
1 uring descent,the ASTncasuted accelerationandturbulence,
pressure and temperature. The ASI pressure sensors were
particularly sensitive 10 teimperature and uncertaintics remain
large al this time duc to the temperature anomaly. The
temperatu re/prressure profile data seems to indi cate the
atmosphere is stable, a ratherunexpected resul G

There were two instruments which INCASUIC the
atmospheric composition.  The Helium Abundance Detector
0 1AD) accurately micasuredthe ratio of helium w hydrogen,
This value is importantin understanding planctary evolution,
and the measurement taken, 23.8% by mass, indicates that
Jupiter’s overall compositionremains similarto the original
cloud that formed the solar system. Voyaget found that this
ratio is reduced significantly at Saturn, implying that Jupiter
and Saturnhave evolved along different paths.”

The NMS measured the amountsof elements and
cotpounds throughatomicmass units of 150, The NMS found
thatcarbon and sulfur have two to three times greaterrelative
abundances thanin the Sun. Thisimplies that comelts and ot her
stnallbodies hove impacted Jupiter thioughoutits history and
deposited extramaterial. Oxygenis anotherelementexpected
to be enhanced by planetesimal impacts, butitwas foundto be
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Figure 16. Probe Symbol Data Storage

gicatly depleted. As oxygen on Jupiter is tied up with the
hydiogento make waler, thisvalueis consistent with paucity
of clouds detected by otherinvestigations, but the reason forits
depletion remains unknown. The last few NMS data points
give a hint Of a considerably increased water abundance at
depth as much as twice solar. However, these data remain 10
be verified because o funcertainties inthe calibrations and high
instrament temperatu res occuring at the end of the ission. 1f
this increase in water at grcat depth is verified, then the
mechanismfor drying the atmosphere in the entry region to this
depthis a majornew science question.'?



The radio signal frequency Of the link between the
Probe and the Orbiter was used 10 caleulate the winds during
Probe descent. The Doppler wind 1 ixperiment (IDWE) found
thatthe winds wete higher thanexpected, reaching a value Of
about 180 m/s (400 mph), and remaining high throughout the
descent. The wind profile is used to examine what is driving
theweathetown Jupiter, and [be. continued high winds at deep
levels suggeststhattheencrgy driving Jupiter’s weather comes
from its interior.M

5. Probe Data Return

The otiginal plan to provide functionally redundant
mcthods to return the Probe data was to relay the data direct to
Earth in real-time via the Orbiter High-Gain Antenna (FGA)
and simullan cously tecord it on the Orbiter tape recorder
(OMS) for later replay. With the failure of the HGA, the plan
was modified to use the CDHS memory for red undant storage
forabout half of the Piobe symbol data, with storage limited by
available memory. (The term “Probe symibols™ refers to the
actual convolutionally encoded data bits coming from the
Probe, butexclusive of the additionalieceiverinformation that
was al so stored on the DMS,) Then, when the DMS anomaly
occurred less than two months before arcival, the plan was
againmodificd. The decision was madenot o use the DMS{o1
high rate remote sensing recording during the approach and
encounter. (See scction 2.) This action red uced the memory
requirements for the encounter sequence enough to allow
almostcomplete storage of one swing 0f e, Probesymbolsin
the CDS. Vigure 16 shows the final plan for storing receiver
datafor the DWIi (only every other measurement was stored)
andselectively stoning thedatafromboth of the Probetelemettry
strings. 1 xtended data refers to the additional storage that
becume possible afterreducing the Orbiterencounter obser ving
sequence. The fullsetof Probe data was Successfully 1ecorded
on the DM s, Most importantly, both teleinets y stiings weie
recorded for the entire time for protection against dropouts on
cither string. Additional data recorded on tape, but not stored
in the CDS duc to memory limitations, included all the DWE
measurements, 1<1<11 receivers data, and data quality bits onthe
Probe data generated by the RRHicceivers.

The plan for the stored symbols was to ret urn them
three times. Since the symbols did not contain the extra
information added by thereceiversthat was inthe 1 YMS
recorded data, the timeto reiura themm was relatively minimal.
and the extraretur ns provided an effective way to insure that
all the data was retur ned accurately.  The first retur o was
completed prioito the expeeted loss of communications when
the Orbiter passed through solar conjunction during the Tast
half of 1 december. This retur, was facilitated by the fact that
the first OTM planned for after orbitinset tion was not needed,
thus allowing the Probe symbolretuinto be advanced by one
day,and thuscompleting the firstreturn, including the extended
data, prior to loss of telecommu mications cavsed by the
approaching conjunction. There were (rety some small data

out ages caused by neat-conjunction induced noise 011 the
Orbiter 1o Barth link,
The secondreturn Of Probe symbols star ted after

conjunction. About2/3 of thisreturn was lost duc to aspaceciaft
saling event caused by anoversight wherein a fault monitor
flag \wag hat properly reset after JOI. The thitd retur n was
completed without incident on Jan 1 6. The data that was not
returned during the second readout was returned later, after the
DMS recorded data retur o was complete. No Probe symbols
were storedforthe time inter val from receiver lockup plus 47.5
minutesto 53,7 minutes, as shown in Figure 16, because during
this period, Probe tele mietry string B was the source of the
symbolstobestored, andits transmitter quitat lockup plus47.5
winutes.  That made this section OF Probe data the highest
priotity for the DMS data return,

A petied of time had been allocated after the
conipletion of the Probe symbol return to exercise the DMS
and condition the tape prior to beginning the recorded data
return, whichwas scheduled tobegin on Januar y 24. The DMS
datareturn was to start at the beginning of the Probe data and
continue straight through to the end, i.c., FI-FFQO. However,
during the tape conditioning activity, the tape stuck under
circumstances thathadbeen petieve( tobeunlikely toleadto
sticking. Thisledto a decision torcturnthe recorded dataina
prioritized order rather than titne order. Given that most of the
P1 obe data was now on the ground via the successful symbol
return and it might take considerable inflight testing and
characterization Of thetape recorderto be able to do the Or biter
tuission, it was pt udent to provide oppot tunity for these
contingency recorder operations at the possible expense Of not
returning the lowest priority Probe data,

The recorded data judged to be highest priority was
the period fiom 47.4 10 53.7 minutes, since this was not
av -ailable in the stored symbol data as mentioned earli er.
Sccondpriority was from 31.3to 47.4 minules, since this was
single string only (B) inthe stored symbols. Third priority was
the early descent datafrom -2 to 10 minutes, which was also or
highinterest for the radio science investigation. Fourth priority
wastheremaining descentinformation, 10to 31.1 minutes and
53.7 1o 63.1minutes. This canied the datareturnwell beyond
whiere the symbol data indicated thatbothreceivers were out Of
lock, but this was a deliberate action te insure that all data that
mightbe available wastecovered. The lowest datapriotity was
from the period of 7 minutes before receiver lockup to 2
minutes before. This data was of potentialintetest forthe radio
science experiment,becauseitprovidedadditional oppottunities
o assess thereceiver noise character istics prior to signal
acquisition.

The finalresult was that al] of the DMS recorded data
wastcturned fromsignal acquisition-2 minutes to 4 63 minutes,
withonly very minor dataoutages that were not recovered. Fot
the datastoredin the CDS, all Of itwas returned atleast twice,
ali nost all of it three times, and in some instances, it was
returned four times. The only data that was a  prospect for
returning that was not was the DMS datafrom -/ to -2 minultces,
andthis data was of questionable vatue, sinceitcould @i, y aid
inreceiver noise characterization thar was also coveredin the
-2 minutes to signal acquisition interval that wasreturned. The
overallendresultis that 100% of the information in the Probe
data was recovered.,




6. Tape Recorder Anomalies and Recovery

The Galileo taperecorder (IDMS), built circal98 1, is
a [ccHo-l-ccl recorder which stores up to 900" million data bits
onabout 1800 fect of inylar (ape. The DMS has 4tracks (1and
3moveforward, 2 and 4 move in reverse) and can be operated
in various modes at several speeds ranging from 7.68Kbps
(0.8 inch/see) 10806.4Kty)s (78 iticlics/see). CDS derived tape
position infornation is basal on1DMS motorshaft rotation.
Notmally, it accurately reflects the tape position, However, it
foranyreasonthe tape fails tomove when conmnanded, andthe
motor shaft tur as, this detived position is nolonger coitet,
The actual tape position is then unknown until it is derived
fromdata previously recorded on the tape or by positioning the
tape to its leader al cither end.

When the DMS became mission ciitical following
the 11GA failure, itsusage wasspecifically restiictedto required
health maintenance and important science of opportunity. The
frequency Of health maintenance tape conditioning activities
wasteduced o aboutevery 90 days consistent winn the updated
flight oper ating tules developed by 3171, and the DMS
man ufactur et (ODETICS).  Tape conditioning basically
consistedol moving the tape back andforth end-to-cad at
806.4kbps and finally positioningit near the ccatcl-of-tapc
(Co-1).

6.1 Anomaly Descriptions

On October 11,1995, after being commanded to
per form a rewind al 806.4kbps to the Beginning-O f-Tape
(BOT)in preparation forthe Jupiter -approach hnage playback,
telemetry showed unexpected tape position leadings. Instead
of the ChS derived tape position indicator decrementing and
stopping al 110-1°, the telemetry reading s continuously
decremented to a minimum countand then rolled overto a
countof 16,384 countsexcecding 7, 177 are beyond the physical
tape length. Because of the low downlink telemetry data rate
(I o bps), the anomaly was not identified for necat ly 3 hours
afletonset. within an hour after identification, it was decided
to ttansimit a ground command (61 YMSK) to “safe” the DMS
by commanding it to Ready Mode- tape is stopped but power
is o, The J MSK command also prevents the CDS from
issuing subscquent DMS control commands. (Afte 1 lock out,
another 1 YMSK command is required to enable the CDSto
issue connmandsto DMS,) Unfortunately, because of the delay
in identifying the problem, eperational problems al Golds tone
that prevented re-configur ing for high-powetr commanding
before set, and because the high power transmitterwas broken
at therising staton (Canberia), the]DMS “safe” command was
not sent for neat 1y 15 hours afler the onset Of the anomaly.
Once received, the DMS properly responded to the ground
command by going to Ready Mode. Subsequently, as anadded
precaution, a ground command was sent to terminate the CHS
stored approach science sequence 10 prevent issuance of
subscquent 1MS commands.  Additionally, commands were
sent to disable the DMS unique system fault protection which
would autonomously maove the tape for ward andbackwardin
casc of a DMS poweronreset (1°01<) fault,

Within hours of the flight anomaly, in an ongoing

groundtest, the flight spare DMS in the testbed experienced an
anoinaly whie executing a portion of the Jupiter arrival close-
cncountes science sequence. hnmediate troubleshoo ting of the
flight spate unitrevealed that the DMS was no longer functional.
Withina clay, reconstruction of thetestbedscenartoindicated
therecorder “stalled” thru some lo\v-speed coimmands, moved
vety slightly at a few high-speed commands andran “free”
suggesting stretching and tnhen breaking the tape. The flight
and spare DMS wereidenticaland both were being commanded
by identical, new CDS software. The coincidence of these
faults required the most carcful scruting. The most impor tant
action now was to determine if the flightrecorder wasworking,
i.c., can the tape bemoved.

Theanomaliescould be the result of errorsinthe new
software controlling the. CD S-DMS command/telemetry
interface, errors made i the stored sequences, or actual rauits
in the DMS. On October 14, 1995, after substantial ground
retesting and analysis of the approach science stored sequence
and MRO verification of the CDS-DMS interface night
software, the flight anomaly was con fidently isolated to the
1 YMS. By Octobet 18, it was determined that the flighttape
may have stuck somewhere in the transpor t or reel and then
sli pped on the capstans.

On October 20, ground comnmands were scat (o
determiine if the tape could be moved. a short ¢ 10- second)
playback forward (in the opposite direction of the fault) tape
motionwas commanded at the lowest speed. Proper motion
was vetified via totorcutrentand other telemetry. Fortunately,
the tape was not broken and the DMS may be recoverable. At
the outset, it was not clea 1 which direction to try the miove.
Mechanical considerations led to the belief there \vas more
authority w movetape off a nearly fail reel than vice-versa
(“downhill” vs. “uphill™). Tape tension is maintained by a
negator spring that applies a fixed torque to both reel nabs.
Tape teusion alone provides the drive friction at the capstans
(i.c., no pinch rollers).

The playback data indicated that the actual position,
detetmined by dataonthe tape, was the satnelocation where
the October 1 anomaly occurred, suggesting the tape h a d
slippedatthatlocation for the entire 16 hours before ground
commanded 10 stop. Because of a concernfor tape abrasi on
during the 10 hourslip, ground conmmands weie sent on
October 2410 bury” the possibly weak slip spotunder about
25 wraps of tape. The wrapping action was pet formed in
playback mode at the lowest tape speed, Propetoperation was
again verified via motot curcentand tape position,

A comprchensive review of all tape position data \vas
initialed to determine if the October 1 Hlight anomaly was a
first time event or whether unnoticed tape position eriors (off
predicthad occwred carlier. Review of the flight data revealed
thatthe first tape position error occurred in July 1995, Another
was observed in September 1995, The July 1995 e or went
unnoticed, because at that tine, data was only being “spol
checked” for gross problems . This “spot check™ analysis
approach was instituted years earlier as patt of the Project’ s re-
engincering costsavings effor(. Furthermore, focus was on the
upcoming critical I'robe Release activity (imid-July 1995) and
the first firing of the propulsion subsystem main engine (late




July 1995). And thenthefocus was onthe essential Relay/JO1
scquence desi gn update development effort and there was no
opportunity ormotivationtoreviewindetailthe July/September
DMS data.

Because both the flight ana ground DMS anomalies
could be related, the investigation into the ground unit fatlure
was also performed with nigh priority. When the spare unit
was opencd, the tape was found (o be putied off the reer atthe
hub equivalenttothe expectation of abroken tape. subsequent
failure analysis revealed that the ground unit failure was the
result Of a marginal circuitdesign causingarelay to failto
transfe 1 and autonomously remove power from the diive
clectronics when the Iind-of-Tape (EOT) location (leader) was
senscd.

Additional precautions now had to betaken with the
flightunitto avoid the failure observed in the flight spare unit.
1 urthermore, it was considered prudent 10 avoidunwiapping
the lapewrap covering the possibly damaged picce Of [ape.
Consequently, the usable tape length was reduced about 305
feet (240 from BOT end and 65 from EOT end) still Icaving
about 1500 feet of usable tape. This scheme avoids goingonto
the lcader should the 1 IMS be stopped via the on-board
autonomous fault protection which was being designed while
faultinvestigative actions were procecding. Three weeks after
the anomaly the exactcause of the DMS flight anomaly was
still unknown, although mechanical faults secriedto be the
most likely candidates. Thelcading candidate was thatthetape
was sticking to asapphire dunniny erase head used 10 guide the
tape. The durnmy head is “downstream™ or the capstans when
thetape is moving in reverse; whenthe capstans try o “push”
the tape toward where it is “anchored”, tape tension is lost and
slipping ensues unabated.  Exactly why/how the. sticking
occurs was and still is unknown. At [his point, the Project
decidedto only operate the DMS at its lowest speed untilthe
Probe data was captutred on the tape because it was concluded
thatthe prospectsfor additional anomalics arc greateiwhen
operating athighspeed, and only the lowest speed (7.68kbps)
was required (omeet an the requircinents for Probe relay data
capture andreturn; andthere was no prospect forunderstanding
the anomalies and developing areliable/sale DMS  higll-speed
operation plan in time for Jupiter arrival day.

6.2 Pre-Jupiter Arrival Flight Activities

1 ctting thetape sit unused for appioximately fow
weeks before Jupiter ar 1 ival was now thought to be risky,
particulatly, if the DMS failure was duc to lack of motion for
a protracted time. Therefore, it was decided to incrementally
move the tape forwar d for several scconds at the lowest speed
on’lrack]. Thetape was moved threetimes in this fashion on
Novemberlo, 16, and 2 [to provide added confidence that the
PMS would work 1 clistrly for recording the Probe Relay data
on 1)ccember«/. The DMS worked flawlessly forcach
incrementalmove and for all the Relay/JO1 record/playback
activitics,

6.31 .ong-Term Trouble Shooting Activitics
Well into 1996, the JPI /O1ETICS Tiger Team
continued its vigorous ¢ fforts to thotoughly charactetize and
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fully understand all elementsof wte I> MS, including tape
chemistry, mechanisim design/rllargin,  clectronics design/
margin, and operationalinteractions. A comnprehensive Failure
Mode Effects Analysis (F'MEA)was pet forined. Increased
cmphasis was placed oncharacterizing the effects Of aging and
lowusage by testing with similar taperecorders, specifically
the flight spare Magellan unit, which has (ape from the samelot
as Galileo and is very similar to the Galileco unit. A GEOTAIL.
transportunit which uses differenttape and electronics was
also used for testing. The flightunitalso under went a suite of
characterization tests.

A special DMS workshop was convened at JPL. in
mid-March1996 which included aboutforty NASA andindustiy
experts On taperecorders, tape, mechanisms, and electronics.
The exper s acknowledged that tape sticking is well-known
throughoutthe industry and agreed with the Tiger I'ean that
the dummy crase head is themost likely site fortape sticking.
There wasno consensus as to why/how sticking was occurring.
Scveral of the exper 1s agreed with the Tiget Tean that the
sticking anomnalics may bethe result of not enough recorder
usage. They commented that nearly all taperccorders are used
“constantly” and arc Only idle for short periods of time (days),
compared tomonths for the Galileo 1) MS.

The team presented the following stick models to the
workshop:

Debris adhesion - caused by ferric oxide debris
particles interacting with the polymer tape/oil.
Joblocking - caused by an extremely smooth(glass-
like) surface condition at the tape-sfi[]ilhirc head
interface that enablesn Molecular bonding. The more
tape across the head, the simoother the sapphire head
surface becomes.

Electrostatic force - created by electricaltribology
chargescaused by thetapemoving across the sapphire
head. Opposite polarity charges canbe generated in
thesapphire head and tape. Chargein thetape is
caused by mechanical stress.

(3)

Itis possiblethatone or a combination of the model
options may be able to explain ail the observed slicking
an otualies. It became increasingly evident that whatever was
going On may be ameliorated by moving the tape end-to-end
atintervals significantly shorter than the aforementioned 90
days. The flight and ground d ata suggested that interval s
shorter than a weeck may be optimumbut thatevery 3 (o 4 weeks
may b¢ adequate.

6.4Post Arrival-Day Activities

Afterarrival day DMS operations, the (ape was not
movedfor40 days until January 16, 1996. 1)uring the 40-day
period, aconditioning/character izationtest suite was developed.
OuJanuary 16, the tape was moved forward in playback mode
for 40 scconds on Track | ; motor current and other telemetry
indicated normal oper ation.  The day before, two new

autonomous fault protec tiona lgorit hms were put inplace. o n ¢

algorithm, the slipmonitor, consists of monitoring the DMS
scr va lock (reading tape position” {from the fape) stat us and



issuing a DMSready mode commandif the servo lock status
indicates out-of-lock i excess of a preset amount of time, This
algorithm protects the tape from prouacted slipping and
possible damage. The other algorithin, preserves the CDS-
DMS commandinterface in the presence of a CDSstring down
fault. Because the DMS can be connected to only one of the
two CDSstrings at any time, if thatstring went down (mmany
CDS faults canbring astring down), there woutda beno way to
commandthe DMSto te. safe ready mode. This algorithm
functionally switches the DMSto the other CDS string and
commands the DMS to the safe ready mode. In addition to
loading the new fault protection, special DMS test sequences
were loaded 10 perform upcoming characterization testing.

OnJanuary 17, 1996, the tape was moved back to near
BOT at 7.68kbps for nearly its cutire length in preparation for
tape characterizationexercises [o beginonJanuary 18, Because
some carlict groundtests suggested the prospects for stick ing
may bereduced if an appropriate cool-down time (defined as
running at 7.68kbps) was used, vatious cool-down times were
tested. The January I8 test suite was to characterize sticking
aftervarious cool-down times (15 minutes, 30 minutes and 45
minutes) and operating speeds, to pet form and verify a 5-
sccond forward tape unstick operation (in case the tape. stuck)
and perform four end- to-end tape conditioning passes, On
January 18, during the. first of five 1 00.8kbps (1 O ir~chcs/see)
planned activities, the DMS slip monitor tripped.The 1M s
was autonomously commanded to ready mode, as designed.
This100.8Kbps exercise was the first higt]-speed operationof
the DMS since the October 11, 191)5 anomaly. The tape had
stuckinless than 2 seconds aficrstopping subsequent o being
moved continuously at « 0 inches/sec for 34 minutes. This was
a big surprise becauvseit was believed the tape could not stick
when stopped foronly a tew seconds. After analysis of the
flight data, the test sequence was terminated to prevent any
damage threat to the DMSthatmay be caused by continuing.
It was then decided to do no further DMS characterization/
conditioning until after playing back the highest priority
recorded Probe data- the most benign operation, i.e., lowest
speed, forwardonly! (See”’r’rtic hatti {ctlnl”). Subsequently,
it was decided 10 perfol-in the carlicraborted tape conditioning
passesatthe lowest speed (7. 68kbps). Onlebruary 29, during
the conditioning, another big surprise occurred. On the first
conditioning exercise pass, after running atthe lowest speed
(alwaysthought not to causc a stick) for neary the entirelength
of tape (--7 hours) the tape stuck!  This ypq¢ the first stick
anamaly observed at I/t lowest speed. Now, it was becoming
cvident that the tape stick ing may tre function of many
paramcters suchastapespeed, amountof tape passed over the
dummy craschead, idle time between successive tape motions,
andtape notused for along time. Inevery case, the flight data
showed that the tape could always be unstuck by moving
forwardatthe lowesttape speed.

More flight tests were conducted in late April1996 o
characterize tape “re-sticking” using waittimes of 2 seconds,
2 minutes, and 4 minutes before doing an unstick. It was now
believed necessary 10 et a stick “cure” for some Jl]irlutcstw. fore
breaking it loose, otherwise, the. tape wouldimmediately “re-
stick.” It was essential to determine a reliable tape reversing,

strategy, i.e., locally defeat the stick mechanisin before moving
inreverse. The wait time (dminutes) was chosen based on the
shortestwaittime already inherentin the upcoming Ganymede
encounter sequence. Thetests were pet formed at t 00.8kbps
andresultedinthe tape stickingalmosteverytimeafteranend-

to-endtape pass.In every stick, except (me, the tape did not
1c-stick after being unstuck by moving for ward at the lowest
speed after the wait. Al the tape sticks occurred at [ape
locations that had not beenused for many months. Inthe one
case, the tape re-stuck during a direction change immediately
following anunstick action that had only the 2 seconds wait.

6.5 Satellite Tour Operations

The ncw Orbital Phase CDS software contains a
number of additional capabilitics for both norinal and faulted
DMS operations. One of the new capabilities included adding
marker zones at both ends of tape on allfour tracks and having
CDS command track turnarounds when these are detected thus
precluding the EOT (BOT) detection failure that destroyed the
testbedunit. The (100 tic) marker zones resultina usable tape
lengthreduction of about 240 ft at BOT end (maintains the 25
wraps)and about 65 ft{from EOT end (about 1 500 feet of usable
tape remains). Another capability was the merging of the siip
monitor fault protection with the derived CDS tape position
indicator to ensurethe DMS is stopped if: 1) the tape slips
longetthan the presettime or 2) if the tape moves more than
half-way into a marker zone. Severalother protection
capabilitics arc also included whnichn provide enhanced
robustness.

About 2.5 days prior to the start of the Ganymede
encountersequence, via a specially designedsequence, another
tape conditioning exercise was per formed. This exercise,
using playback mode at 100.8 kbps, consisted of fournearly
fulltape passes. The conditioning was purposely planned to go
into the marker regions to plow tape debris away from where
science datarecording is planned, Telemctiy indicated the
DMS waorked perfectly based on motor cunient profile and tape
position dataand no siip monitor trip. Because the DMS s
essentialfortheencounterscience, alDMSrecovery contingency
plan was developed in case the DMS slip monitor did trip
during the tape conditioning exercise.

A heurtistic mathematical tape stick predictionmodel
has been developed incorporating all apparently key 1 OMS
usage parameters. It successful ly “predicts™ all the obscrved
DDMS sticks and the “observed” no-stick operations. Al
sequences are now routinely checked with this inodel as a
fur ther protection against sticking, Tapetime in prick (rccl),
speed, tape across head cachran, ete., are paraincters.

6.6 Tape Conditioning Plans

Project plans currently cair for performing two
standardized tape conditioning exercises every orbit, One post-
cncounter ned ap(\z\psisund another ])l'C«»(‘.nCOlan‘l', compacting
within aday or so from the star t of the encounter datarecording
scquence. Generally,the maximumtitne betwee nconditioning
excr ¢ises will be about 30 days. Based on ground and flight
evidenee, the cwnrent plan is considered adequate to reduce
signilicantly the prospects for tape sticking.




Tape conditioning activities were performed on July
‘2S andAOgLISI31 in preparation for the Ganymede-2 encountel
011 September 6.

6.7 Ganymede Encounters

The Ganymede encounters on Junc 27 arid Sepleimber
6 were performedusing the completely new CDS and science
flight soltware and new DMS flightoperating rules based on
the current knowledge of flight and ground test data. The
sequences were designed based on the premise that the tape can
stick and can always be unstuck with a 7.68kbps forward
motion. It was cssential that the sequences be designed o
avoid slicking prior 10 moving the tape inreverse. Therefore,
the sequences included minimum wait times  (Ready) before
[he. CDS autonomous unstick action. The 1 YMS worked
flawlessly during both the encountersandall data was recorded.
Therecorded datafrom Glwas returned and the DMSworked
perfectly. Carrently, the recorded data from the G2encounter
is being returnedand e DMS is winking perfectly.

7. Tape Recorder (DMS) Loss Contingency

Atthe outset, the largest set of possible causes that
might have explained the fight DMS anomaly was made upof
things which could meantotal loss of the recorder for the
remainderof the mission. Because of (his, final work onthe
o1 bital operations o1 Phase 22, flight software (I SW) was
suspended and thedevelopment team refocused as a tigerteam
w0 attemptthe design of aspacecraft software set, call ed “Phase
3”, which wouldallow a mission to be petformed without a
tapc recorder. Phase 2 remained suspended for a month in
order 10 complete the target Phase 3 design even though t\vo
weeks into the design, it appeared the flight DMS was
recoverable. This section briefly describes the design. Part of
the designisnow being built as a background task during the
Galilcoorbital tour, as a contingency.

The primary objective of the Phase 3design was to
provide a way (o getimages (Ss1 ) without the DMS., The
Photopolatrimeter Radiometer (1'1°1<) also did nothave any
real-lilllc science capability inPhase 2 and therefore would
lose all science teturn capability with the loss of the recorder
S0 it too was a priority. These Phase 3 capabilities necded to
be available intime for the Ganymede 1 (G 1) encounter in
carly July 1996. A secondary objeclive wasto provide enhanced
sciencereturn capability forotheriustruments where possible.

The design team quickly converged on an approach
w h i c h was based upon the then nearly complete and very
modular Phase 2. softwarc design. This approach preservedthe
new, cnhanced downlink capabilitics (already builtinto Phase
2 and extensively ground tested) and limited the magnitude of
the code changes to something that mmight actually be possible
to complete in time for the (; encounter. A brief list of the
changes 10 be inplace by the Glencounter follows.

Command and Data Subsystem (CDS):

- Delete all co@ic associated with recording, play back, DMS
controland fault protection (about 42 kbytes);

- Delete all inactive sequence memory (32 kbytes)butexpand

the CIDS-A string active sequence memory from 8 kbytes to
12 kbytes;

Add the space freed up by the code and sequencedeletionsto
the Phase 290 kbytes Multi-Use Buffer (MUB) to expand it
toabout 160 kbytes;

- Add the capability to process SS1 itmagesin realtillc. This
consisted Of passing thesmallblocks (8x8) of image pixels
fromtheinsttument CCD directly through the Integer Cosine
Transform (1CT) compressor within the Attitude and
ArticulationControlSubsystein (AACS) and then intothe
MUB;

- Addancw PPRReal-time High-rate Science (RHS) capability;

- Improve NIMS science return by replacing the Phase 2 real-
titne capability with a new NIMS RHS capability which
would be more similar to the Phase 2 NIMS record/playback
capability;

- Provide augmented AACS attitude information pickup to
support the ncw NIMS and PPR capability.

AACS:

Modify the AACS FSW to increase background
processing capability (i.e. - ICT compression)and decrease the
C1 vise-to-Iner tial mode transition time. The fitst of these
would allow ICT processing with gyros powered on (not
allowedin Phase 2) and the second would allow more science
acquisition during encounters by reducing transition wait
times.

After the abovcinitial capability was in place, two
optional paths existed for further enhancements: (1) Rapid SSI
rawimagercadoutdirectly to the MUB (beforeICT processing)
and (?) new RIS modes for the UVS and PWSinstruments,
plus new higher rate Real-’I'mc Science (RTS) pickup for the
EPD,MAG, and }1 Sinstruments.

The rapid SS1 raw data readout dircetly into the MUB
capability (before ICT processing) was considered the higher
prionity activity since radiation hits to the SS1 images (luring
the long dwell time inthe CCD during the siow (several
minutes) readout duringICT processing through AACS were
expected to severely limit the size of the images that could be
retur ned. This capability was not includ cd inthe G s package,
because the FSW tcamywas not sure at the time that it was even
feasible (stillan open issue.) and thus did not think that it could
be completed intime for the encounter.

If the rapid SS1 raw data readout [o thc MUB was
found to be {easible, it alone would be completed fos the next
FSWuploadand the expanded 1{1S/1{°1’S capabilitics listedin
(?) above wouldnotbe done. Otherwise, only the items in (2)
wouldbe Completed.

Afterthe comnpletion of the Phase 2 FSW, the decision
wasmadetobegin developing the Phase 31HSW for both CDS
and AACS. This development is being done as a low level
background task (Phase 2 maintenance/repair being a higher
priotity) as a contingency against the possible future failure of
the taperccorder.Only the ss: direct 1CT-to-MUB and PPR
capability restoration are being inciuded inthis development
(no SSIraw-to-MUR or RHS/RTS enhancements). Changes two
the ground system to support the Phase 3 FSW arc being
deferced untilneeded since they arc relatively minor.



8. Propulsion System_1ssues

A major concern following the Orbiter Deflection
Mancuver (ODM)inJuly 1995 was thatthe helium pressurant
checkvalve onthe oxidizer side apparently was not closed'. ox
pressure increases faster than fuel pressure with temperature.
Anyincrease in propellanttanks temperature could cause the
unchecked ox side pressure to crack open the. fuel checkvalve
andresultin helium convection of ox vapor to the fuelside,
Elcetr ical power mar gin, which is hardwire shunted to the
propellanttank heaters, was maintained essentially constantto
avoid convection,ie.., thetanktem peratures were held constant
within 0.5°C. This was a major undertaking implemented by a
combination of sending realtime commands to override the
stored sequence commands and sequence changes.  This
operational requirement was enforced through the approach
and Jupiter encounter anduntil shortly after the Perijove Raise
("JI<) mancuver. Although potential for encrgetic reaction of
propellantsinthe pressurizationsystemwas extremely low, all
reasonable sieps were takento minimize the prospect of any
propeliant mingling. The leading candidate cause for the loss
of the Mars Observer Spacecraft was liquid propellant mingling
in a pressurization line.

The mission critical PJR mancuver was executed
successiully on March 14,1996. This was the final usc of” the
400N enginc. The maneuver imparted 378 meters/secto the
spacecralt, and had anaccelerometer controlled shutdown
witha 0.2%underburn. With this mancuver, the.JudJitcl closest
approachwas raisedto 1 1 Jupiter radii to,@ out of the intense
Jupiter radiation, Several new requirements were part of this
activity First, there was a concern about the filters in the
propellantlines getling clogged by anoverburden of particulates.
If the filters restricted the flow to the engine, there could he
clogging and potentially catastophic dest action of theengine
which could1isk the spacecraft. Because of thistisk, new fault
protection was added which monitored the propellantline
pressures and would shut down the mancuver if required. The
PJR mancuver could be completed late] with the ion thrusters
in such ancvent.

The other new requirement w as o autonomously
isolate the He pressure regulator immediately following the
burn. The purpose of this was to eliminate the Ox checkvalve
openconcern by capturing a favorable crxidizer/fuel pressure
gradicnt (0.5 bathigher on the fucl side) for mitigation against
future oxidizer vapor transport. Following the PIJR burn,an
anomalous 0.7 bar low fuel pressure was observed so the 0x
pressure was 1.7 bar above the fucl 1 A 3-4% low thrust was
also obscirved consistent with the low fuel pressure. with this
differential in pressuie, it was highly likely that the 0x
cheekvalve was holding since normally the fuel checkvalve
cracks at 0.5 bar-. Unfortunately, absolutely ruling out the
possibility of vapor transport was stillnot possible. The analysis
cffor twas thentargeted to assess the worse. case consequences
of vapoitransport.

A thoroughrisk assessment by JPL/D ARA/DASA
cstablished that there was essentially no risk of a harmful
reaction in the event of vapor transfer from ox to fuel side
particularly considering 1/3 the. tank voluime of flesh helium

19

wasinjected during PJR and diffusion rates are slow. Given
these results, the power marginincrease to 45 watts needed for
the orbital tow was implemented with a 15 watt pad (lotal of 60
watts)on Aprill5, 1996. Thetanks were allowed tothermally
stabilize athigher differential pressures thanoriginally planned
fortherest of the missioun.

The consequentincrease inox/fu pressure delta was
close to expectation andno vapor transfer occurred. “1’here is
now no threat of vapor transfer during the tow because the
pressure delta will remain well below that demonstrated.
1ividence also is now overwhelming that the ox checkvalve is
checking properly. Petforming the orbital tour in blowdown
mode( He supply isolated) is perfectly satisfactory and
climinates the pressurization system fromany further operation
considerations,

9 Loading of the Orbital Phase (2A) Flight Software
(IF1.)

The capabilities of the orbital Flight Software (FSW)
are described in Refere cc. 2. The design, test , and
implementation of the command packages necessary (o load
the new Attitude and Articulation Control (AACS) and
Command and Data Subsystems (CDS) and 8 of the 11 scicnce
mstiuments arc describedin this section.

The in-light 1 .0ad (J¥1.) had to fit in the schedule
after the PJIR inmid-Mairch1996 and before the first of the
satelite encounters, Ganymede 1 (G1) onJune 27th, a period
of only 12 weeks, The goal was tocomplete the IFL. early
enoughtoreturnthelo Torusficlds and particles science data
recorded on December 7th, before  the G i sequence was
uplinkedto the Spacecraft (S/C). (See Figuie 4.) 011 the basis
of the Project experience with the 1E]. of the Phase 1| FSW,
uplinkedin 1995, 7 weeks were tentatively allocatedfor the
Phase 2A THL..

The plan, as shown in Figure 17, called for the loading
of the various subsystems sequentially. Originally, the Project
thought that the instruments could be loaded prior to the
loading of either thec AACSor me CDSandleftinan idic mode
untillater. For some instruments, the Magnctometer (MAG),
the Dust Detector (DD S), anti the Near Infrared Mapping
Spectrometer (NIMS), this was possible.  Other instruments
concluded that the load should be deferreduntil the CIDS was
loaded with the Phase 2A Tlight Software. The Project also
decidedtocheckoutthe CS Science VirtnalMachine (SYM)
the collection of entirely new’ functions thatcontrotled the tape
recorder, science data editing, compression, and management,
andthe downlink- the AACSICT compressionandeach of the
instruinents as soon as possibleafter the 1F], was complete.

Theinitial conceptreview of thelll , by the Project
was heldontiebruary &th. The Project decided that it would not
be nccessary totest the Instrumentload command packages on
the Testbed. Testbed validation of the CDSand AACSTHL.
command packages would he required.  For all commands
associated with anomaly recovery, firsttime S/C activ ities, or
activities thatare very complicat ed, the Project has, since
Launch, required that the commands to be sentto the S/C be
pretested onthe Testbed: the hardware and software equivalent
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of theFlight CDS, AACS and Tape Recorder (DMS). Earlier
on, during the process of validating the Phase 2A FSW, the
1 ingincering of Prototype Instruments were returned to JPIL
and wete individually integrated intothe Testb ed. Priorto cach
of the instrument software tests, the commands that would
later beused 10 transmit the P’hasc 2A software to cach
instrument were usedto load the software in the ground based
instuments. These tests had been repeated atleast three times
for cacb instrument. It was notconsidered essentialthat these
conunands be revalidated on the same test vehicle be.fore
transmission to the Flight Instruments.

Afterthe concept review, informal testing of the CIDS
1], commands was undertaken, These testsresulted in changes
that were tested again until the commands would do the job.
The Projectthen formal 1y approved the command packages fot
generation: translating the commands inte a format thatcanbe
accepted by the tracking stations for transmission to the S/C.
Following generation, the packages for the AACS and CDS
were then retested on the Testbed. liven at this point, some
problems were discovered and the Project bad todetermi ne
which of the requested changes were essential and what
additional festing, if any, was required. From the time of the
original Concept Review until the 1. started slightly more
than three months had passed and 422 hours of test bad been
accomphished. The Project was then confident that its intended
l(mgrangc brain sul-get y Ot the. spacecraft computers would be

successful. As a by-product of thctest program, a set of

predicts which would allow the analysts to determine that it
was safe to proceedto the nextcommanding step were available.

91CDS Phase 2A_ 'unctionality

The I’'base 2A CDSESW was delivered on Maich
17th. At (he time of the “final” delivery, there were several
residual problems so accommodation for software rdcli\’cries
or patches in the IHL, command generation schedulesandtest
plans was necessary. Most of this change trafficinvolved the
new tape recorder fault protection. The final patches to the
CHSsoftware were delivered on April 17th, justin time for the
find testof the CDSIFL. and only 30 days before theuplink of
thesoftware began.

The scope of tile. changes to the CDS was massive.
Fifty-cight plus percent or 224 kbyltes of 384 kbytes of CDS
memory werce reloaded with code. 147 kbytes arc devoted to
buffers necessary for internal  data management and for
sequence storage. Only 1 2K bytes margin remain.

At Launch, the CDS was quad redundant with four
identical copies of the CDSsoftware stored in the meinory.
Phase 1CDS used approximately half of the CDS memory to
stoic Probe data so CDS opcrations became dual redundant al
the tast opportunity 10 groundcommand a memory swap which
was days before the I'obe Relay began. The Phase 2A was so
large that even complete dual redundancy could notbe
maintainced. However, health and safety functionality was
redundantly maintained so if the spacecraft fault protection
was required, it could beexccuted with separate bard ware
execuling duplicate copics of essential code. (This, in fact,
occur red duc to a CDS fault on August 24, 1996 sce Section

1)
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The new CDSPhase 2 A included: packetized
telemetry withadvanced Reed-Solornon encoding, 8§ downlink
data rates (8- i 60bps), tape recorder record and automated,
adaptive, table driven playback modes, science data  selection,
sampling, sumimation anti compression, and low rate real-ti[lw
science downlink formats.  As a special service to selected
science instruments, automated loading of onboard stored
mode dependent instrument software was provided. Real-tirrlc
cditing of optical navigation images was also provided using
satellite limb finding and the exclusive downlink of star and
satellite data only.

9.2 AACS Phase 2A Functionality

The scope of the. AA(X 1t was modest compared to
the Phase 1 AACSIFL and much smaller [ban the CDS I'base
2A load. The AACS load \vas only 4600 bytes, mostof which
was loaded into the scratch pad  ayea of the off-line or
redundant memory. The necessary linkage allowing access (o
this patch by the AACS operating systemhad been loaded as
a partof the AACSPhase 1 1HI..

Ncw functionality included:Integer Cosine
Transform(ICT) data compressor for theimaging camera and
the Plasina wave insttument data, the Gyro AACS input/
Output (1/0) interaction was reduced 10 provide more timing,
margin when the ICT compression function was in u s c,
automated Gyrodrift determinationforuse (uring long duration
tur ns at attitudes where star based attitude  information would
notbe available, anti £YY0 heater fault protection changes.

Priortothe I'base 2A 1, the AACS was fully
redundant. The 1CT compressor requires access 10 the off-linc
memory to operate thus this aspect of the ncw Phase 2A
capabilities is notredundant. Al AACS health and safety and
all core engineeting functionality remains redundant.

9.3 Instrument I’hase 2A Functionality

Eight of the eleven instruments have computers that
arc reprogrammable; for the. Phase 2A all eighit deliverednew
sof’[ware. The deliverics occuried over several months with
the finaldelivery on December15,1995. Four insttuments had
to redeliver the Phase 2 A software to correct problems
discovered in Instrument integration testing and /or system
testing. in terms of the ., tre insttument software was
available when needed,

Fundamentally, each of theinstiumentsthat \vas
reprogrammed- ss1, NIMS, Ultraviolet Spectrometer (LIVS),
DustDetector (DDS), Extreme Ultraviolet Spectrometer (EUV),
Magnetometer (MAG), Energetic Particles Detector (11'1)),
andPlasma @1 8) selectively included data sumimation,
averaging, mode dependentdataselection, and dataformatting,

This was the first time since launch (bat all of the
instuiments capable of being reprogrammedwerereloaded. In
the past, individual instuments had been reprogrammed ot
patched to corcect specific instrument software problems.

9.4 AACS1IKI,

AACS was commanded into the all-spin modc.
Wiite protects were liited and an abbreviated memory test of
the appropriate portion of the off-line memory was completed.




The data compression portion of the Phase 2A software was
uplinked and stored in the scratchpad portion of the off-line
memory. Other patches  were also loaded into the off-line
memory. The newly loaded portion of the memory was
checksummed  and then a memory readout (MRO) was
commanded. Verification of the memory load was accomplished
using both the checksums and the MROs  for redundancy
because the relatively small size of the load. In order to speed
the AACS 111, the MRO of the data compression portion of
this off-linc memory patch was deferred until the very last step
in the uplink process. The link between the data compression
code now loaded in the off-line memory and the AACS
operating system was patched. This patch allowed access to the
new code. New write protect regions were uplinked and write
protects were reestablished on the off-line memory. Patches to
the on-line memory were then uplinked. These patches were
verified with MROs. Write proteets for the on-line nmemory
werereestablished. Note thatonly the off-line memory contains
the data compiession code so this function is not redundant. If
the on-line memory was somchow cort upted the AACS would
automatically switch to the off-line memory and could provide
total attitude control functionality except the datacompression
capability could not be supported in this configuration without
reprogramming. After the on-line memory was loaded and
validated, write protects were briefly lifted on both memorics
for some fault protection cleanup patches. Write protects were
then reestablished. A mini checkout was commanded during
which the AACS transitioned to cruise mode, the gyros turned
onand off, the scan platform was slewed from one safe position
to the other concluding with a transition to quasi-all-spin
mode. This entire process is summarized schematically in
Figure 17b.

Five separate command packages were generated and
uplinked during the AACS 1¥1.. Data was evaluated by the
analystsin “real time.” The analysts provided the three required
“Go” recommendations on schedule. The AACS 111 took 24
hours and 40 minutes: two days had been set aside for this
process.

9.5CDS 11

The CDS1FL is illustrated in Figure 17¢c. The entire
CDS FSW was loaded from scratch. The core engineering
functions of the CDS are located primarily in the high level
module memory of the CDS and these functions were not
changed significantly in Phase 2A, but they were relocated in
the process of compiling the Phasc 2A software.

Large portions of the CDS memory are not involved
in the engineering operation of the S/C. In fact, once the Probe
symbol data stored in the extended CDS memory had been
played back (transmitted to the ground) this memory was
unused. Turther, during the CDS 1H, the $/C was not being
controlled by a stored sequence thus CDS memory normally
reserved for the purpose was not used. The CDS 11, design
took advantage of the memory that could be loaded dircctly
without interfering with the operation of the S/C.  The
availability of other unused memory also allowed the buffering
or temporary  staging of the Phase 2A software prior to its
transfer to an arca of memory that was in use controlling the

S/C carlier on. This loading of FSW installments first into
unused memory and later transferring to the ultimate memory
locations speeded the 1FL process and allowed for the greater
usc of onboard conditionals, i.c., checking progress by the
flight computer without reliance upon analysts on the ground.
During the Phase 1 1FL. more than 27 “GO’s” were required.
Fach involved analysts evaluating the state of the S/C and
progress with the 1FL.. For the Phase 2A 1L, only 17 GO’s
wererequired even though Phase 2A CDS load required nearly
10 times the command voluine of the Phase 1.

The IHL. started with both CDS strings redundantly
controlling the S/C operating with Phase 1 software. CDS
memory wrile protects were lifted. The A string extended
memory was loaded (uplinked) with the Phase 2A software.
The A string normal memory was loaded into 111, staging
buffers for subsequent transfer. The B string normal memory
load was also uplinked into staging buffers. The A string was
:__,,o:goi:.\i::::_:P:5:m:.m:m:m:ag:o was controlling
the S/Cstill using the Phase 1 softwarc. The Phase 2A software
was copied and transferred from the staging buffers orloaded
via uplink commands into the A string normal memories. At
each step in this process, successful loading was confirmed
with onboard conditionals and selected checksums transmitted
to the ground. The A string was brought up and as a partial
Phase 2A software test, telemetry was returned to the ground
using the A string and the newly loaded Phase 2A software
while operational control was being exercised by the B string
and the Phase 1 software. The B string extended memory was
copied from staging buffers or loaded via uplink commands
and verified by checksum. Control was transferred to the A
string and the B string was taken down. The B string normal
memory was copied and transferied from staging buffers and
loaded via uplink commands. Again checksums were used to
verify the correctloading. The B string was brought up, timing
between the two strings reestablished and the engincering
functionality was redundantly provided by the two strings.
This is the standard configuration for planctary operations.
This concluded the CDS 1L, however, the Science Virtual
Machine was not started until two days later.

Forty-six separate command packages were gencrated
and uplinked to the S/C during the CDS 1E.. The shortest of
the packages took 4 minutes, the longest took 3 hours 27
minutes to transmit, The average daily commanding duration
was approximately ten hours.  As was the case during the
AACSIEL, analysts evaluated checksums and in some cases
specific memory readouts in real time. The analysts provided
17 required “Go” recommendations.  In three situations,
commanding was delayed briefly to assure that predict
miscompares were acceptable. There were minor delays but
all 46 command packages were sent within the originally
approved command windows; the longest delay was 6.5 hours.
The CDS THL, took 6.5 days : nine days had been allocated.,

9.6 Instrument 1K1,

Compared the AACS/CDS 1H]. processes, the
fundamental approach to the Instrument 141, was quitcdifferent.
The software load was controlled by a comprehensive sequence
which stepped through the load one instrument at a time as




illustrated inFigure17a. Following the load the instrument
memory was checksummed, the instrument wasturned on and
its data selected for transmission to the ground, For most of’
the insu uments, definitive status assessment required the
instrume nttobe operated and for science data to be c.valuated
along with the comparat ively modest amount of insti ument
engincet ing dala which is downlinked as part of the science
data stream, The 1141, approach assumed that any problemns
detected in the load of’ a particular instrument, i.e., failed
checksums, would result in the instrument turn-off by ground
command. The subsequentloading of otherinstruments would
continue under scquence control and after the sequence had
hcen comipleted, trouble shooting andlater the reload of the
instrument would be considered. Fortunately, there were no
problems with any instrument load.

‘1'wenty-one command packages were gencrated and
transmitted during the Instrument IFL. For loading the
instrument software and a brief post-load instrument checkout,
only five command packages were required. The balance, 16
p ackages, was uscd to cvaluate the preload state O f the
insttuments, manage the downlink during the post-load chieckout
and initialization of the instruments for the G 1 encounter. The
Instrument1b].including the G lnitialization took 5 days.

9.7 Summary

The Phase 2A 1FL. was much more than the load of
nc w flight soft ware. It i nvolved ncw groundbased hardware
and software cm-lo-cod, {rom the. tracking station tothe
compulers at JJ’]., required to process and display the new data
from (hc Spacecraft. Itis of coursetrue, that the ncw systeins
WCIC all checked PICCC by picccand in integrated tests Prior to
the 111..1lowever, never before in the history of planctaty
exploration were such comprchensive changes attempted with
a flying Spaceceraft! 171 Al J, WORKED!! 1t worked withouta
significant problem. Thisis a tributc to people on the Galilco
tcamat J¥]., the tracking stations at Madrid, Goldstone, and
Canberra and at Science Principal Investigator locations.

The 1F1, was accomplished in fourteen days; 21 days
had been al located. The process was delayed a total of five
times, but only twice because of ground system problems.
‘1’here was a power outage in the control centerat J}']. and a
commandsystem software problem associated with the delay
timesbetweencommands when breaking command packages
into smaller sets of commands. The command system problem
was cor recled before transmission. The level of command
activity was also unprecedented! Only onc delay, 4 minutes,
was attiibuted to the tracking stations during the 111.. Total
radiation time during the IF], exceeded 8 | hours. “1’here weic
two days in which commanding exceeded 14 hours. The
average daily radiation time during the two week period was 10
hours. For the Phase 111 .in 1995, daily commanding
averaged 5 hours and the Project consider cd that a record !

1(1. Real-time Operations Special.~' 0])ics
10.1Emergency Project Operations Center

Tragjectory errors, if uncoriected, could preclude a
successful o1 bit insertion prerequisite to the planned Jupiter
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orbitaltour. Since mancuver sequences arc developed using
the latest received tracking dataand are buittupon the previous
mancuver execution and orbit determination accuracy, they
could nol be generated apriori and stored for later use.
Consequently, the need was established to gencrate and transmit
these critical scquences at the planned times and to be able to
transmit contingency commands. Realizing [his, the Project
concluded that anallernative Mission Opcrations Center
capabi1 ity should be developed that would permit generation
of these maneuvers, sequences, and commands should the JPI,
operations facilitics become unusable. It was assumed thata
tuajor carthquake centered in the vicinity of JP1. would render
the spaceflight operations buildings inaccessible to the flight
opcrations personnel making it impossible to develop and
transmit the sequences or commands. The mission would be
atgreat risk. A tcam was formed in April 1995 and chartered
toidentify, develop, and integrate all necessary operations ata
remote site which could be used by selected members of the
flightteam to ensure successful development, transmission,
aud execution of any critical sequences or commancls. As a
first step in establishing anEmergency Project operations
Center (HPOC), a detailed review of the activities specified by
the Mission Planwas performed which confirmed (beer-iticality
of the mancuvers, Radiometric (acking of the spacecraft,
telemetry monitoring, commanding, seq uence generation,
communications and data flow to anti from the Deep Space
stations were identified as the operations functions necded.

Upon review of the statistics report of the Northridge
earthquake of 1994 issued by the U.S. Departiment of the
Intetior, U.S. Geological survey, it was determined thatasite
outside a ?5 mileradius of J]’]. would most likely remain
available for usc.

The 70 meter Deep Space Station at Goldstone,
California, 110 miles away from the JP1. was selected and the
tcam began the Emcergency Project operations Center design.
This site had several distinct advantages besides its remole
location. Communications and data flow cxisted and electric
power-, air conditioning, and an unused operations arca were
already in place. The bulk of the EPOCimplementationlay in
computer procurement, software installation, and  testing.

Processing of the telentetry and command data was
provided throughintegration of a complete. set of Advanced
Multi-Mission Operations System (AMMOS) software that
hadbeenindependently developed by the JPLL Multi-Mission
Grouad Data System.  This software was transported 10
Goldstone, integrated into the hardware provided by the Project,
and tested thoroughly.

OnNovember 2, seven months after the Project go-
ahcad, a command was sent to andrcceived by the Galilco
spacecraft and telemetry data was processed thereby
demonstrating the operational readiness of the EPOC. The
EPOC stood ready if needed anti happily was not, but it is
scr ving as a model for future flight projects.

10.2 Relay/JOI

The Deep Space Net (DSN)Block V Receiver (BVR)
and Ultracone feed system were tworecently delivered picees
of round suppotthardware, The BVR wasdesignedtoreplace




the technically obsolete Block I and Block IV receivers. in
addi lion to providing radiometr ic data and an increasc in
telemetry data quality, the BVR had the capability of tracking
a residual or a suppressed cattier. Trackinga suppressed
carrier was of greatimport to the Galileo Project. Because of
thelligh Gain Antenna (I IGA) problem, the Project had to
track the spacecraftusing the much weaker signal transmitted
hy the. ] .ow Gain Antenna (1.GA). By suppressing the cariier,
mot ¢ power could be putinto the data sidebands theieby
increasing the data Signal to Noise Ratio (SNR). To capture
this data, however, required a ground receiver that could lock
onto the sidebands without @ carrier being present. The BVR
performed this function.  Performance improvement o f
approximately + 0.5dbwas achieve.d. Another SNR
improvement was achieved through the usc of an ultralow
noise S-hand (2.3GHz) feed systeminstalled in the 70m
antenna at Camberra, Australia. This feed system commonly
called the Ultracone has betler performance  characteristics
than the S-Band Polarization Device (SPD)) system that was
normally used. The Ultracone allows the receipt of higher data
rate transmissionsfrom the Galileo 1.GA.The performance
improvements were achicvedthrough lowering the Systemto
Noise Temperature (SNT) from15.6° Kelvin to 11.8° Kelvin
at zcenith. This provided anincreasc in reccived signal of over
1db and a projectedincrease in data return over the mission of
approximately 10%. Both te BVR and Ultracone supported
the Relay/.I0l operations flawlessly. | )opplcr(lam was provided
throughout the 10 and Jupiter closest points of approach.
Telemetry data was missing but the processors remained in
lock. Critical ground commanding was performed without
fault even though the Goldstone 375KW Transmitter
experienced coolant leaks which, if system interlocks hadnot
been manually bypassed, would have automatically turned the
transmitter off.  On December “/, in real-time, engineers
confirmed spacecraft lock on [he. Probe data and the startof the
400N engine burn was seen in the doppler data and confirmed
in the telemetry signal.  However, immediately at ground
receipl of thee.nd of the. bum, one of the two Recciver Channel
Processors (RCP) of BVR dropped lock on the telemetry
signal. The other RCP maintained lock foranadditional 1 hour
30 minutes before instaling ncw predicts caused a telemetry
outage. This outage lasted for 12 minutes, but the main orbit
inscrtion events had already been confirmed.

10.3 Perijove Raise Maneuver

On March 14, the Perijove Raise Mancuver (I'JI{)
was peiformed at an attitude of 46.57 of [-Farthline resulting in
a 4db weaker signal for ground operations than was received
during JOI. The PIR sequence started in the suppressed carticr
mode. Fiveminutes prior to burn, residual carier mode was
commanded by the on-boardsequence toincrease the prospects
that the BVR groundreceivers would maintain lock on the
spacecraft signaltoprovidedoppler data and possibly telemetry
during and after the burn. During the burn, dopplerdata
remained in lock and was provided. }l()WC\’Cr,lC]ClnCIl’y data
was lost duc 10 the low received signal levels. At burn stop, all
ground received signals were lost.  Automatic atleimpts to
reacquire resulted ina false lock which dots not permitactual

data processing. After a period of time, ground operations
recognized thisconditionand manually reloaded the BVR
receivers. Telemetry was not reacquired for an additional 30
minutes. The experimental Full Spectrum Recorder (FSR)
supporting the PP JR on a best efforts basis did maintain lock and
showed a frequency offsctof 4.8 Hertz from the. predicted
frequency. Quickly applying his offset into the B VR resulted
in a reacquisition of doppler datathatconfirmed that the PJR
mancuver had executed as planned and gave ecarly indications
that the. spaceciaft was healthy and functioning properly.

1o.4 Ganymede 1 Encounter

To track Galilco’s low signar levels, the DSN
developed the Deep Space Comimunications Complex Galileo
Telemetry subsystem (I Xi-[?).  The DGT consists of two
channeloperations; onc channel for Block V Receiver support
and the other based upon alull Spectrum Recorder (FSR).
Telemectry processing is done independently by each channel.
Thisapproachreducestherisk of loss of data duc to equipment
failure. The BVR channcl for Galileo Orbital Phase (packetized)
telemetry was not yet available for this first encounter. The
FSR channel commonly called the “single string” was available
and committed as the prime data acquisition so urce. It was for
this equipment that the signal levelanalysis was performed so
thatoptimum bandwidth settings could be predicted andused
to lock and processtelemetry. Concein over the ability of the
groundhardware to maintain lock on the doppler and telemetry
dur ing the closest approach was heightened when the expected
signal analysis was compared 10 the operational profile. It was
decidedtorequest the Array DGT, a systein being d eveloped
that combinestelemetry data from multiple. tracking antennas
through a FullSpectrum Combiner (FFSC) andslated to replace
the Single String DGT, supportthe encounter on a “best
effo118” basis. Use 017 the System would give the Pl'()j(‘(‘( a
backup acquisiion andtracking source in the event failures
occurred in the Single String 1DGT. This decisionproved to be.
sand as the Single String DGT system never obtained levels
onthe signal during the encounter. This was traced to predict
problem.  The Array D GT, however, did maintain signal
acquisition andtracking through the closest approach period
providing the Project with real-time visibility that the encounter
\»:as succcssful,z b2 Gae o i

111 Ganymede-1 Encounter Sequence/Performance

The first encount er of the tour was with Ganymede
(G1) on Junc 27,1996, at an altitude of 835km and a latitude
at closest approach of 30.4deg. The spaceeraft sequencethat
accomplished the data acquisition ran from June 23,1600
GMT, to June 30,0430 GMT.During this period, data were.
acquired by two methods- real-[imc and recorded. The RTS
(Real-Time Science) data came from primaiily the Ficldsand
Particles instruments, with some additional participation by
NIMSand U VS. This datais processcd as acquired by the CS
andsent directly to Earth with no on-board storage other than
for short periods in the multi-use buffer. The recorded data
came from allthe instruments except EPD, and was stored ion
the DMS for return to Harth during the approximately two



monthcruisc pet iod before the second encounter in the tour.
Data recording was limited to tracks 2, 3, and 4 onthe IDMS,
because track t had been used to store 10 torus datathat bad
been acquired during theinitial pass by Jupiter on December 7.
The I''obe datahad also been stored on (rack 1, bultwas
completely returned prior to the first satellite encounter,

The nominal plan was to return the torus data in the
JOCDH sequence (the last scquence before Ganymede), but
since that was the first sequence to operate with the new phase
2 system, there was considerable question about when the
scquence would start and how well it would perform at the time
the Glrecording sequence was being designed. Hence, the
decision was made not to record on track 1 to insure that there
was no risk of overwriting any of the torus data before it was
successfully rc.turned. In fact, the JOCD sequence started at the
planned time and worked very well, but there were still
numerous picces of the torus datathat were not recovered
duting that period that Were subsequently recovered during the
G t play back period.

ligure 18 shows a plot of the spacectaft path. The
locations of the various instiument observations are indicated,
from which onc candetermine a quite accurale sense of the
geometryinvolved, including primarily ranges and lighting
angles.  Figurc 19 shows alincar timeline of the same
obses vations, The UVS/HUV observations are early, well
bc.fore perijove, because of geometrical considerations. in
fact, the bulk Of their torus observations were accomplished in
the JOCD sequence before the G | encounter- sequence started,
and were notrecordedbutrather came down as real-time data.
The SS1 observations give the appearance of being the least
intensive, butin fact were far from that. This appearanceis the
result of the fact that the other remote sensing instruments tend
to operate in scanning modes, as opposed to the relatively
instantancous shuttering of the earner-a. A total of 129 images
were take.rl andrecoided, of which at least portions of 127 were
later returned. The activity line at the bottom of Figure 19
indicates the period where the fields and particlesinstraments
were relurning continuous datainsupport of the magnetospheric
survey.

Figure 20 shows a map of the locations of the recorded
data onthe D MS. Recording started at the beginning of track
two (on theright), progressed fromright to left, changed to
track 3, recording fromlefl to right, then completed ontrack 4
fromrighttolell. in the course of recording on track 3, it was
detenmined from the real-time enginecring telemetry that the
1)MS was using more tape than had been expected, and to
insure thattherecording did notextend into the end-of-track
matker, real-itnc commands were send totruncate the NIMS
Jupiter Observation near the end of the track by about 150 tics
o f tape. This represented asmall percentage reduction of a
fairly long observation, and was of fairly minimal impact.
Analysis afler recording was complele was ambiguous asto
whethet this action prevented writing into the track matker, but
in any event, itwould have been very close. Tape usage modcl
paramcters have been updated based on this experience to
avoid similar risks in future sequences.

The overall G 1 encounter data acquisition process
worked very well. All of the spacecraft enginceringsystems,
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including the 1) MS, performed witbout {law. Threescience
instruments, NIMS, PPR, and 1{1’1), expericnced problems
leading O restricted data acquisition.

1 1.2 Ganymede-1Playback Operations and
Performance

The planned period of recorded datarcturn for the G 1
cncounter dataran from July 1, 0424 GMT to September 1,
0000 GMT. Overall, the aclivity wns highly successful, with
most of the. useful data being returned. The initial plan did not
expect to return all of the recorded data due to the limitation on
downlink capability using tbc low-gain antenna. A major
uncettainty in how much data would actually be returned was
the performance of the onboard datacompressors. in fact, their
perforinance ranged fiom about asexpected, i n the case of Rice
compression on the P1.S data, to considerably better than
expected for the ICT usc onsome of the $s1 data. This allowed
the return of more data than the original predictions indicated,
especially since the initial plan assumed I: Icompression for4
of the G datatypes thatused Rice compression, asaconser vative
assumption for the first use of this capability. Thelack of any
1 :PI> data, and the fact that some of the PPR and NIMS data
were of mminimal value because of their instrumentanomalies
also led to more return capa bility for other instruments, most
notably SSI1.

The plz\yback started Part way through track 3with
the return of relatively nigh resolution (~75m) SS1 images in
theregions of Uruk Sulkis and Galileo Regio on Ganymede.
This was done to support ancarly press conference after the
Ganymede encounter since these were the first images returned
by Galilco from Jupiter, and they had been a long time in
coming relative (o initial expectations becausc of the. DMS
anomaly. When this initial return was complete, the tape was
positioned to track 1 to returntheremainder of the lotorusdata
recorded in December 1995, which hadnotbeenreturned in
JOCD for various reasons, mostly station outages and data
frames lost duc to issues related to the first usc of the phase 2
ground system. Thisamounted to about1 ()% of the total tor us
data set. The plan at this point wasto proceed straight through
the tape in time order, deselecting the imagesthat had been
returned earlicer. However, around this time, additional testing
of the play back manager code in the testbed had uncovered a
sct ious problem that was likely to occur when processing
NIMZS data that could halt playback. The action taken was to
proceed across the tapeintime order as planned, butto deselect
all the NIMS data up until such time that aflight software fix
could beimplemented. From that point onward, NIMS data
would be included in thereturn, and another pass through the
tapcup to the point of where the NIMS selection began would
bedone to recover the NIMS dataskipped to that point. The fix
turned out to bea difficult problem, and it wascompletedat just
about the time the other planned non- NIMS data return was
completed, i.e., near the end of track 4. OnAugust 1, the fix
was onboard and the pass to return primarily NIMS datawas
begun. By this time, the benefits of the Rice and ICT
compressionperformance had been realized, and other data
thathad been desclected the previous time through, primarily
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SS1, was also sclected for return. However, ataboul this point,
another playback manager problem was found tat could cause
the processto hang up when processing medium rate NIMS
data, the first NIMS observation data set on the tape. This data
set was deselected, and the process began by returning low and
imbedded high rate data. Fromhere, the process worked well
until ncai the end of track 3, when the process found the point
at which thc NIMS anomaly occurred (sec introduction),
considerably carlicr than had been expected based onthe vety
limited real-tinw data that was available carlier. This caused
the Rice compression 10 gofrom about 2:1 10 1:1, i.e., no
compression duc to the erratic nature of the data. The volume
of NIMS data remaining and the lack of compression meant
that the process would not reach the end of the tape by the cnd
of the cruise period if nointervening actions were taken. Also,
since theremaining NIMS data was of questionable scientific
value, it was appropriate 10 deselecticin favor of other
previously deseclected data. Commands were sent from the
ground to pause the playback, most of theremaining NIMS
obscrvations were deselected, more SS1 data were selected,
and the process was resuined.

I’here was reluctance to starling yet another pass
through the tape because of the additional tape recorder usage.
However, if playback were 10 end when the end of track 4 was
nextreached, there would have been several days of time
remaining with no playback occurring, because of all the
corrupted NIMS data that had been desclected, and valuable
data still remained on tracks 1 and 2. Some PWSdata still
remained on track 1 duc to a software feature that was previously
not well understood, the original medium rate NIMS obser vation
was a very high priority data set, anti several SS1 images on
track 2 were prioritized for replay at lower compression.
Ultimately, it was decided toloop around to track t and pait
way through track 2 to acquire these data sets. On August 24,
the spacecraft went into saling ducto atiming o verrun condition
in the CDS, which terminated the sequence, ending any further
datareturn from the Glsequence. Prior to this event, the 1°'Ws
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dataontrack | was recovered, but the.a(klitional ss1 and NIMS
data were not. Also lost were RT'S data, including the UVS 10
torus observations scheduled for the last few days of the G 1
cruise sequence. By Septemiber 1, the spacecraft had been
returned to normal operation, and the (G2 encounter sequence
beganright on schedule.

The spacecraft orbit after JOIwasinclinedto the
equatorial planc of Jupiter,and the orbital plancof the Galilean
satcllites, by about 5.4°, because of the non-zero approach
declination of theinterplanctary approach trajectoryto Jupiter.
Since having the spacecraft orbit lic in the orbital planc of the
satellites is a necessary condition to have encounlers with more
thanoncof thesatellites, it was necessary that all encounters be
with the same satellite until such azeroinclination condition
could beachieved. Ganymede was chosen tobe this satellite,
becauseits mass and orbitallocation were favorable for changing
both period and orbital inclination. The first encounter gravity
assistat 30.4” latitude primatily served to reduce the initial
period frmn 210 days 72 days, but also contributed slightly to
inclination reduction. The second cncounter at 80° latitude
was primarily to make the Galilco orbit co-planar with the
satellites’ orbits, thus enabling subsequent encounters with
Luropa and Callisto.  This second encounter occurred on
September 6 at an altitude of 260 km.

Although the latitudes at closest approach for these
two Ganymede encounters were driven by the above orbital
mcchanics considerations, they serendipitously provided an
ideal arrangement for onc of the high priority radio science
observations. The first relatively equatorial pass and the
second near polar pass will allow ameasurement of Ganymede's
gravity ficld and an indication of the internal structure of the
body. The Doppler data were successfully obtained for both
encounters and are being analyzed.

At 260km altitude, this G2encounter was the closest
il])pl’()Z\ChOf all of the 10 encounters p]zmncd for the tour.
Remote sensing observations were made of all four of the
Galileansatellites on this pass through perijove. Callisto and
10 were seen at ranges a | ittle over 400,000” ki, and 1 ‘uropa at
a more distant 671,000 km. The six fields and particles
instruments maintained continuous downlink throughout in
support of the magnetospheric survey, as wellas recordings
ncarGanymede closest approach and at the plasma sheet
crossing aboult four days after the encounter. With the except ion
of the PPR not beingturned on to collectscience data due to its
earlier filter wheel anomaly, the encounter period data
acquisition and real-lime rctur n was a completesuccess,
accomplishing all objectives with only onc relatively minor
problem. The NIMS instrument again experienced the same
kind of problemasin the G 1 encounter. However, because of
a previously plannedreload of the instrumentmemory fromthe
CDS during the encounter period, the instrument was
nonfunctional for only aboutafive hour period, resulting in
minimal loss of observations.

ligurc21 shows thepathof Galileo spacccraft for this
Ganymede encounter, and a description of where the main
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obscrvations were taken. g ure 22 shows the map of the data Jupiter’s Atmosphere”, Science, May | (), 1996.
as placed onthe D MS.
11. Seilf, A, ct. al, “Structure of the Atmosphere of
12, Acknowledgment Jupiter: Galileo ]’ robe Mcasurcments”™, Sciegnee, May
1), 1996.
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promise it holds at Jupiter. 1996.
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